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SECTION EIGHT -EapxachL
—— M E TEODS O F SOLUTION

Even with a cer*ain schemati?ation in the assumptions made, the

:gwaxl?i;:: iytical solution, of problzms 1n internal ballistics lerds to rath-
\ e‘ﬁcomp;gxcorrelations, which require time-ponsuming and complicated

Aj~ f'coméutﬁtiaés'to obtain pressure and Vélocity curves. For this réason,
- aany investigators have approached the solution of problems in internal

ballistics eithér on the basis of simple algehraic correlations with
__coefticients d termined by ~eference to ex perimental data or on the

o basis of very siaple tab;es*a;“fqrmulas resulting from the treatment

- of egﬁériqegiﬁl data obtainred in firing tests.

3 LI e éﬁék sihﬁléffordbiaé‘éﬁﬁnfables; which leave out of account the
. 5 . ? great complexity of the pheriomenon of the shot, and which coordinate
}heir data vith experiment with the aid of certain coefficients, form

“ thé basis of empirical methods of solution.

| " We shall briefly consider some of the most widely known formulas

_f and tables employed in practice,

if ’ : CHAPTER 1}- RO&O“IAL AWD DIFFERENTIAL FORMULAS )

- © 1. MONONIAL EMPIRICAL FORMULAS
Honomial forqulaS‘usually.éxpresg‘the dépendencé of the initial
/~veloc}ty'of theaprqjeckile and the maximdy gas pressure upon various
Sqwg’slqadigé éonditiops. Like other empirical tormulas? they were widely

g \Oe-ployed prior to the deveiopment of exact analytical methods and of

\
; l tables derived on the basis of these mefhods. .
A 3 .
N Such formulas imclude the monomial formulas of N. A. Zabudsky, >
O RN
23 - which are derived in his works "On the Pressure of Smokeless-?owder N ;
Gasea in Gunbarrels"/‘%‘7 and "Of the Pressure of Powdes Gases in aﬁ.
u,,the Bore of the Three-lnch Guu .and on the Remaining Velocityflha 7 G'g
.Oiw “ l
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on the basis of treatment of a large number of firing tests. ‘these

formulas arec:

3 3
w? wzqz
v, = I — ;) p =K
dﬁ' 14 16 km 9O
Q
km 0O

X A3
4 k)
v. = H a_« s p ~K& % q
0 1 m 1
(2e))% 1 (2ze)) °

for the 1902 model 3-inch gun.

Here, H , H, Kl, and K are numerical coefficients, which are

1
determined from the results of firing tests under known loading
conditions.

‘Taking into account ‘the tnfluénce of the increase in pressure
Py upon the chiange in the exponents, N. A, Zabudsky proposed 1%at,

at high pressures (2200 atm and higher at that time), the expop&hts

of q and,ﬁo be taken as unity instead of % and T% :
8 4 \
S 5 \
max 7 max 7
5

Closely related to monomial formulas are differential formulag,

AR R SR S g

By taking ‘the logarithm of a .onomial formula and differentiating it

term‘by term, it is possible to obtain a dependence of the relative .

change in initial velocity and of the maximum gas preésure upon the |

change in loading coqditions. o
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2., EMPIRICAL DIFFERE\TIAL_FORMULAS OF 1XOPZ
wide ncceptance and practical use have been accorded in this
country te the zoraulas of the Test Commission of the Okhta Powder

Works (IKOP2Z), %hicﬁ were derived empiricaily on the basis of a

*_'large nuaber of firing tests concucted during the development and

- adoption into service of Smokelesq powders between 1895 and 1810.

G. P. xisnemsky and N. A. Zabudsky took an important part in these

> tests.

The IKOPZ differential formulﬁs, which are»aiso known as cor-

" rection formulas, give ‘the dependence of the relative change in

laiinun preésure and 1n1tihi velocity upon changes in the weight of

the charge, .the thickness. of the powder, the volume of the chamber,

the welight of the projectile, and the volatile conteat and tempera~

iﬁure of the powder in the following form:

. A - : i
— D N ‘-2 -29..9-{-.%—9.-0.15 (AH%) + 0.0036 (At°);
Pg 3 e 3 ¥, 4 4
o 1l
“ANO A de
— w320 180 14¥ _ 24q ). o
ST 4T T3 e T3W, s g 004 (AHE 4+ 0.0011(a%).

I2 sny one of the loading conditions does not change, its
changa is equal to zero, and the corresponding termin the righ«uhand
part drops out; if only one factor changes, the right-hand part con-

taing’ only one term;, which characterizes the influence of this factor

alone,
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‘Coeﬁfrcients in excess of uﬁity shoy thuat the relative change
in pressure is greater th;n the change 1h/the given faétor; cocefficients
smaller thgnzunity show that the pressure or the velacity vary less
than the given factor:

A plus sign indicates that the pressurc and the velocity change
in the sanme ai;ection, i.e., incrg§5e or decrease as—tke factor in-
creases o decﬁea§es; & minus sign indicaves that pm‘and Vp change
in the direction opposite to the direction of the change in the given'
factor, ‘ - _
| Inspection of the formulas shows that chahges in all factors
affect the change in pressurée .much more than the change in the
velority of the projectile. \

The fofmulas presented above find widespread practical use in
the éelectiqh of the charge and thickness, in applying corrections
for the volume of the crusher gage, and.in firing at a powder tem-
perature other than 15°C, which is COngié;red to be normal, and'fb
which the results of firing must 5; reduced in determining the
initial velocity, =mince the firiug‘gables are computed at % = 15°¢C,

Example 1, Inzftriné“é 19062 mddel'76-mm gun. with an inserted crusher
gage‘and at a powder temperature ot'+12°C5 the foilowing results
vere oﬁtained: pm - 2380?kg/¢ﬁ2 and YA = 593 m/sec. ‘o determine
By and vq at t = +156E, without an inserted crusher gage; with normal

loaging, if the volume of the chamber is Wo = 1654 cn® and the volume

of the crusher gags is Ny, = 35 en’s :

" ﬁ.ﬁwo; cousequently, the firing was cone-
W )

ducted with a chamber volume %’(’) - ?{0 - awo = 1654 - 35 = 1619 cum3
and at t = 4230,

We shall consider Wc

Reduction to the normal chamber volume requires the following.
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T e A st e e ez =

1619

- . ‘{0

We int roduce the follow*ng corrections. -

Y - . —

40,022 + 0.0036 *+ 3 = -0.09+ 0,011 = 0,018 = -1.8%;
ey s .
3 : .

Ut

Chvy '
.,-v-»ua-é—oozu-;ooon ‘ 3--0 oo7+ooos--o 004 = =0,4%.
. H] ;
Siucevhll the coefficients are approximate, the correcticns are elso

¢ computed with a precision of only two significant tigureSa

:lntroddction'of~the‘corrections glves:

Ap - -o?.'o1's ‘ 23’80 = -43; p, = 2380 - 43 = 2337,

oy rounded off ‘to the nearest 5 kg

P, 2335 kg/cu .

Av, » 0,004 * 593 = -2,4 n/s’e‘c; - 593 - Z‘.i -‘590.6 m/sec. -

0 Yo

direct, but also inverse problems, for example by what amounts is

- it necessary to change the thickness of the powder and the veight of
the charge in order that the pressure be changed by 80 many per cent
and the initial velocity by so much; or by . ‘how nany per cent. ds it
necensary to change the volatile conteat of the powder in order that
the pressure and velocity be chinged by the required amounts if the
veight of the chnrge is changed in a Certain manner, ° :

' égxanple 2. In firing a 19%0 model 107-mm gun, a regulatio;‘
- charge containiag 2,050 ks of new powder gave a {regulation) Py, = 2320
’kg/cg? and .2 velocity Vo " 570.5 m/sec instead of Vo " 579 m/sec; which
walb ?eqnired'fﬂ~accordance with the technical conditicns., The ¢uestion

ig whether the charge can be corrected by changing the VOlatile»content,

énd, cince both the pressure and the velocity. wil) change as a result

of tﬁis, how ghould the charge be changed 5o as to retain the same_ :

, H

PeTS=T327=RE T G0 . oeceweessGHAREES 8, b1 YER .00, m::*“'"*"i; |

e B x n e e W SO .
ST ‘ e e ) S

- . R
et S Ay St S iy, il i Y N B e

BpnTlmge? L3R A




.

TS s i ey Kemet, o mmes e 4 R gwnmier s Rl A T
a M_‘-.&. - i - % . LTTRLLLETY o wd i A
5

el M e R

pressure?
Consequently, the problem is to determine %-“’ and 4 H% under such
ap,, Avo 3.8 ot
conditions that —— = 0 and - - = 0,015 = 1,5%.
. Pur v 570.5
S & 0
We formulate two equations: .
ap Av
“Raade. 005 (uw, —2 =242 o008 am).
Pt A T
CT Apm . e AVG
By subs?ﬂtuting the value8 ——— = 0 and —— = 0. 015 = 1, 5%, con-
P v
n 0

=
\\

verting 0,15 and 0,04 into percentiges (i.e., 15 and 4), and -designat-

ing éu&’.w % and AR% = y, we obtains:

S | g2
P 0.23“15y; 1.5-23(-4}?\.

Upon solving this system, we find

"x'- lé Y
2
315 4 13
1’5 B e e 4 - —r oy A ARl .
g 20~ (‘8 4)’ g ¥i

w3 812 . xom 12 35 ...0.
y -é- 13 -1-3-'\’009%’ X 13 2 3 7%,

Consequent’ly, the volatile content AH must be increased by 0.9%, - - _ _
and the charge must be increased: by 7%.
Example 3 3. By how many per cent is it necessnry to change the

thickness of the powder and the weight of the charge in order that

the pre'ssure‘ remain unchanged and the velocity may be increased by

\t
A3
-
3
L
5
12
W
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Censequently, fo sqtisfy the imposed requixements, the thickness of

.. the powder must be incvaased by 12%, and the charge must be increased

by 8%. . =
" ’rhe expression x -(2/3)y or Aw’w -(2/3)(Ae1/e )Jobtained from the
tirst equation shovs that, in order that ‘the pressure remain unchanged,

- Q {

the thickness of the powder and the charge must be changed in such a

". manper that.

w é‘!- 2Ae1

o w
o . 3 e1

" As is seen from the examples presented above, empirical differential
tormulns make it possible to solve very rapidly and simply mnny of
‘the problems that are continually encountered in firing-groud or
powder-works practice. It is only necessary to keep in mind that \
“these formu#és vere 6r&ginally &érived for medium-power guns (v =

H;06’-600 n/sec), and tha{, in individual cases, the coefficients may

deviate in either direction from the aVErag;$va1ue3 given in the
formulas, Revertheless, these formulds are entirely suitabie for
estimates and tentative computations. '
Ao haa been shown by N. A. Zabudsky, the values oz _some coef~-
ficicuts of p and Yo increase with increasing presgure,

Tho pare ic noted im the French literature; where the coefficients

(4
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change as the density of loading increases. TFoir example, in the for-

mulas
Av ,
.‘ig!.n- n“m .;.A;!‘..J and P _-’Q _A_‘:’ -
P, ¢ Vo Tw @’
the coefficients-
) . m, = — and ,? ~lr104A
@ 1. 0.9a w ’

pressure and

i.e., it is thereby taken into account that both the
At A = 0,55,

the velocity change more sharply with increasing A .

mﬁ,::.2, and ,Qa,- 0.74 =~ % , 1.e., the values of the coefficients
coincide with the values of the coeffiéients of the Mest Commission

of the Uknta Powder -Works.
3. CORRECTION FORMULAS AND TABLES OF PROFESSOR V.li. SLUKHOISKY

The 1nf1uenq¢‘of the density of loading and of the relative

length of the gun-upon the coefficients of differential formulas
has been considered in greater detail by.V. E. Slukhotsky/ 9 /.

The correction formulas may be represented in the following

form as functions of the parumeters X:

"

PN

o

! - . » . -
CHAMLER A M7 ER & 20 Ine,

T IS Lt ST e = o
- PPN < T T L A
4 1

e

T A e T e 2 3,
3 v - <
<

- o i et a2 A A &

fiotr e~y vk o e O bt woe S aw e
- o

o

— wmm = and —— = —
Pp. x X Va X X

where m and.ﬁx/are numerical coefficients, as in the IKOPZ for- 2
. G
mulas, ‘ %%
. . § «%
There are presented below excerpts from the tables of V. £, f §§
Slukhotsky. The coefficiénts m, are presented for the maximun . g;
> pressure p within the limits of 2000-4500 kg/cm? and for values of 5
A in the range of 0.50-0.80 kg/dms. :;
a
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S M A S w75 ‘wﬁﬂi’%*”'“w’n”&‘ 2 A "f
§ 7‘2%:
% 2RSS m, Moy, oo m
E V. A - .0.1’" ’ IK w ~ . = f
§ s ‘agi;‘ "N o0.5{ v.6§ 0.7 0.8] 0.5] 0.6} 0.7} 0.8 | 0.5} 0.6 0.7| 0.8
4 1 ‘2000 1.49;1;4011.32‘1,24 2.04{2,17{2.29(2.38 {1.80]1.78|1.72|1.64
4. ~ | 2500 |1.50]1.461.40{1.33]| 2.14 2@&2.:43 2.57 |1.817 181]1.76|1,67
: 3000 |1.50{1.50 |1.46 [1.40 | 2.22]2.39{2.56|2.74 {1.78[1.81]1.78]1.69
3500 1.45 1.51{1.50 |1.44{ 2.30{2.4912.69,2.90 }2.7311.78]1.78]1.70
¥ . 4006 {1.3611.481.501.46 { 2,3812.59.{2,8213.05 11.65]1,73{1.76]1.71
i:’_ 4500 . 1 24 1042 1.48 1047 2045 2 69 2:94 3319 1058 1068 1.74 1071
} m ] A
'q wo . WO
3 2000 1 0.690.73[0.76'{0.78 | 1.36[1.45(1.52 {1,538 Na=4| 6 | 8| 10
2500 | o0.72)0.780.81[0.83|1.48[1.58(1.67[1.74 ‘}0.34[0.23]0.16]0.14
~ 3000 0.:72{0.80 {0.84 |0.86 | 1,57}{1.68{1,78 1,86 k
-} 3506 }9.70/0.80/0.86 {0.88 | 1.63]1.75|1.86 |1.96
| 4000 19.66(0.79}0.8710.89 |1.66(1,80}1.92 2,03
‘ ‘1500 ¢.59 ,0.76 |0.86 {0,89 | 1.68]1.83{1.96 |2,08
1 . ' i The correction coefficients mx and.,? 2;; given for the cases of
{ co,rrect‘ians of the following quantities‘: IK - pressure impulse of
s - povder gases for the period of buxning of. the powder; w =~ v.eight of

"the charge, f - propellant force of the ﬁowder, q - weight of the
. projectile; and W - volume of the chamher. **
" Since the values of the coefficients ,( depend not only upon P,
‘and 4, but also upon the quantity Apg= R/,QO, tables for various AR

have bcen formulated for detem;ning the values of the coefficient

.7 Mg 'In the tables presented below, the values of 4, 6, 8, and 10 1
"7 bave been taken forft;jg. For each value ofAA, -there is given its
1 : own table of values oi.Q “as a functiqn of p, and’ A (p, 2000-4500 %
l * - -‘
kg/ca, A= 0.5, 0.6, 07; and 0.8).
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“‘45 IDEA OF FORMULAS AND TABLES OF KISNEMSKY

- !QZIe working'in the Test Commission of the Okhta Powder
lil ’1&va§tigating the question of the applicabilitv of the tables
§'_g5$ reiﬂh to our guns and powders, G, P, Kicnemsky arrived at the

oi substantially changing these tables and formulated his owu

J"

forks and
of‘ﬂeiden~
necessity

tzbles on

the basis of tests of out~ powders and guns,

8}

Since, as a rule, no account is taken in empirical formulas of the

inflnence/of the veight of the charge and of the thickness 0f the pow-

l’hi \ den he teposed several formulab to eliminate this d1s«dvantdge.

:?i' oh B Foﬂ;;xample, to establish the efficiency of the charge in the gun,
A;\ T(' Kisnensky proposed the follewing formn1a°

'>° P e — ;,T._\mm SO ! %

,‘ o p - > '0 v / ,,vo - h (“"'“’0} ,

- - vhere h is a. proportionality factor determined by the system of the

«gun, andaﬂ)is that part of the charge whose energy is consumed in the

. <
o7

productior of harmful work during the shot, °

b =T To determine *“is part of the charge, Kisnemsky gave two formulas,

wﬁiwﬁ toak int& aecaunt the- influence of the thickness and propellant

Iorce ot?the powder and of some other data relating to the design of

feXCH
tbe gun anthhe loading conditions' e
Ca 1 B |
v 0\ \ :‘ . .'1 _2. _3_, .
YY) SRS *k:gﬁ Lo ' . .
A A TN ; W = 0’001 s e - T
° . . 5 ¢ \5’ ~;: . 0 i Y ) ‘( !‘q) 1) ) ~
N Oi’ ; :: .o u‘ Z de{ ' ) N
R N B
A LY _" RS oy
’ % P . 7 A u 0 [ 3
. © ol h: i AT ' o 1 Qa
H g W' ‘o - . . ’ ) . * p“

-

Lo cmmn 2 = EMPIRICAL FORNULAS AND TABLES
' 5 IDEA OF FORMULAS OF LEDUC,
The eﬁpribel tcrmulaﬁ of Leduc (1903) were enployed for rapid

. computation of yveseure and velocity curves and were utilized for the

L Yo
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solution of various problems in intermal ballistics. The advantage -of
these tables, tonsisted in their simpiicity. At present, however, in
view of the availability of tables fogpg}atéd on the basis of more
.‘exact analyticai formulas, the empiriégi’formulas<xf Leduc, 1like the
tables of Heidenreich, have lost theié?f&éortgnce and possess some
* interest merely from the point 6; view.of the method on which the& are
-_basedi - - '
On the basis of a study of extensive experimental and computational

data, Leduc assumed for the velocity of the projectile a hyperbolic

correlation of the followiné type:

al
V'-s....__ F}

b +.£

where a and b are constants, which depend upon the loading conditions.
It follows from this formula that, as.{ approaches infinity, v
approaches a, .and the constant a expresses the limiting velocity of the

projectile. As a matter of fact:

b, |
'i+"j-m' . ':r

: \
The constant a has the dimension of velocity. and the ¢onstant b

has the dimension of length,
To establish the dependence of pressure upon the path of the pro- 0
jectile, usé ig made of the usual equation of motion of the p oJectiié

in- the following form:

- .

dv

[NEPTURONPPE S

. ps = ruv — ;
A

By subatituting therein the expression for_&&g velocity of the ﬁfoa N

jectile and for its derivative with respect to the path, dv/di =\ .ab/ '

. ' i

(b +2 )2, we obtain the following formula for the pressure as a %

. J
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, . - - <pm;=.2b i j :

e »;” v - < - . p - - - ﬁ . .

iz ‘ e - . g £b+2) ]

'\1‘ i o i . . . - :
I Lo Je fixxd the maximum pressure Py and the pathj traversed by the 3
1: ' ptejec?fle prior to that inst.mf: we equate to zero the derivative of

f : | s the pressure vith respect to the path ‘traversed by the projectile:

% S g_g'4n zb(bu)s-s,t(b»;-,e)z .m 2, b-20

=~ DR df s (b +.£)° g (b +4 3’

8 . ) \ : ap - b

e . : at " -0 atb=28; A =5 ;
' vUpon?subs'titi’xt;iqg this va;ué for { into the equation, we obtain: %

13 o, S R . o ST ) i

“ ‘ . * S . . 2 :
y b3 S . p L___ .

, , . n " 27 sb

| ' - Ve obtain the velocity of the projectile in the instant of maximum
:. . ¢ X

; pressure from the equation at‘(’ = b/2: b
¥ 'S i X .

E b ;
. Tay : A
i . ad T2 a i
‘ o N ' , s R vn N - - - " ’ 3 .

A 3 . N -~ "b-‘rﬂm [
by & o . . * b + 2 -

! S :

13 ", Comsequently, the constant a (or the limiting velocity) equals

' il ’ three times the velocity of the projectile in the instant of maximum :
| | i)xessure (a= 3v). :
3 . ‘I‘o Iind the correlation between the path and time, we start out ’
1 4’  on the basis of the fact that: : S L

| CJ N B .

[ . " R B . . . . &
1 - .. dt = 9_'! ™ "e dl o ) i
b S o v aJ.

| ’ “"fntegration within the linits from t, to t and from ,?1 to K gives; ‘

LE ‘e _ ) ' é
¢ ” L ¢ F
- e . i
o <1 8 1 j i : 2

(,;:f’:é t @ tl + a (b ln Il + X ﬂl): %
€~ P-T5-7327-RE 710
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whcre_ja.generally stands for a certain sufficiently small segment of

*

the path and t, stands for the time corfesponding to it.

1
Taking,fl -_£m and»cgnsequcntly tl - tﬁ? and moreover assuming
that the projectile moves along this secgment with a constant accelera-
tion equal to the arithmetic mean between the initial acceleratfbn
(which equals zero)_ghd the finz{ accéteration (which equals 4/27 *

az/ﬁ), we can write‘.?m = b/2 -(I/2X2/27)&2/b)&i) fronm whiph—tl - tm

- \/27/2@/:;) .

By substituting this value for t

1 into ‘the equation for t, and

taking into account that,?1 i_fm-a b/2, we find the time necessary

for the éiojectile to traverse the path through the bore:
: \

- J2TD .1 |- 24 b
t \/—254-3[1:.% =+ X 2]
b 2 1 £ 2
Lo B T e e + - + Ead .
a 2" 2 b An (:)

Completion of

the above operations. and transformation of the

result in terms of

[ et

-
cea

decimal'logarithmé finally giveé.us:

£

+ 2.303 log -2—5] .

[}3.174 +
. b

To utilize the formulas of Leduc, it 'is necessary to know the
constants'ajand b. If the values of Va and\pm are known from experi-
ment or have been computed on the basis of exact formulas, the cons-

tants a and b are defined by the following system of equations:

aﬂA .
Vg .= ———=—
o i b+ Ay
\ 2
- ) ni.w?_.
- . . Py 27 8 b’
!x'om*wh;ichzw~~
F=715-7397~RE 711 U
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R In this formula, on-y ‘the minus #ign need be retained before tne

et s R

expression under the .radical, since the plus sign gimes for 4 a value

1
S

beyand the limits of the bore.

ke3

dil

7
AY

By designating n /p -¢mv2/2p,s£ and introducing this

PR

¥

i
'
v .
b
o iba

egpression into the equation for a, we obtain:

e Z

K ' 27 32 ' 4

Wy ¥ a 1- =% v g

PR 16 27 *R ) £3 24

A‘{\fﬁ vt - . ) ‘< @ . 5
Knowing\a, we tind the quantity b from the following equation: Y

b= (23 -1 ).{R;

The fo}muias'of.Leduc have the disédvantage that, in order. to

. i, e Ry Piee R S

utilize them and to determine the constants a and b, it 1s necessary

“ to know in advance p and vas this reduces their value considerably.

R oo e

For this reason, Leduc made the attempt to predetermine the ¢onstants -
2 and b in advance in conformity with the conditions of loading and
"~ the characteristic properties . of .the powder employed.

o The formulas for a and b have the following form:

.oy

e,
:
3
&
(5
s
A
4
fcls|

1N ":' “ . - ) —1. —1— . . ) ’ ‘
S : . a=a )2 a2 . (112)
) ~ ,g = s ; . ) q ‘ ‘ P 7
¥ L T e\ /. |
£ - wep(2) 11-3a) . (113)
,' " - @ ) . . q ) 4
2 K9 e . ' . . i@
i
%: T The quantitiec a and B characterize the powder; the quantity a L
21 . ;
T4 ] ‘charactorizes the potential o: the povder, depends principally upon %
. T “its mature, and fluctuates within'narrow‘linits, on the other hand, /;
g Pers-7327-RE - 13 - R R
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the guantitly P characterizes cvhe rate of burning of thé‘powaef,dep;ﬁdg
_Lgprinci?giiy upon the thickness of thé powder grain, and may‘fiﬁéigate
within rather wide 1limits (2-635).

:in the case of pyroxylin powéers, the value of o may be assumed

£6 be equal to 2080 %g - m + sec, and consequently:

101
‘ a = 2080 49) 2 al2,
. Q
/ Knowing 2, the value.-of b can be determined from:

< E

;QQ&\,

= : b.= (1%& - ;>'£Rr : o

.

anpd, iﬁ:éaée of necessity, the quantity B may be fouhdAfrpm Edbatiqn
(113). | ’
The author has conducted a treatment of the results of<firing
tests and powder tests in a pressure bomb for the puipose of deter- ‘
mining the dependence of the coefficient B upon the thickness of the
pdwder orvupon the pressure impulse. The following relations were
estaglished.
fox:po&ders with one perforation:
- p= 0,95
B ='2,15 . pdt;
9= 0,05 )
- For powders with seven performations: S T
| 0.85 e
L . Be4ss 3 pat, .
‘ | 0.05 . B :
‘theve the integrals [ pdt were obtained by treatment of bombftesté.>
'fﬁ:qddition; the authoyr has proposed the following simplified

relatiqns for a and b:

. P
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A= 0.6 \ f2f2; b= 220.&{*).
q )

4. IDEA OF TABLES OF HEIDENREICH
'i?xe *aibles of Heidenreich (1960} weire formulated on the basis of

by fir:,xw various guns under a variety of loading conditions.

. 4 h‘y consist ‘of two Senarate tables. )

Q ' Ta%lé 8 presents values which make it possible to determine the

L)"'~° "o

ei“&a&ts ﬁf a shot for the instant of maximum pressure and for the

instant wf’ passage of the projectile through the muzzle face (p sad

{¢)For & more detaued description of the application of \Leduc's
forzulas to various cases encountered-in practice, cf. U, E. Serebry-
ak@?, 60 Ve OPPOROV’ and K. Kq Greten, "VHU'IRENNYAYA BALL STIKA" 3
{xﬁteraal Ballistics), 1939, pp. 333-341./67 :

A |

SOSTEE ' Table 8
I PR T PR,
) \p‘m . Aq .av.w Y vp F(n '{;:;

S0, | o N -
0.05 | -~ 0.0046 _‘ - - -

B 0.20° 0.0104 0.200 0.288 0.646

0ea5 | 0.0177 |  0.240 0,306 0.655
0.20 | 0.0262 0.274 0,322 0.744

‘. 0.25" | 0.03s0 0.306 | T o.337 0.792 |
0.36 | ~0.0471-| - 0.338 0.352 0.842
0.35 | .0.0597 0.368 ~{  0.367 £.893
040 | o0.0740 | o.400 |  0.383 0.946 | L
0.45 0.0903 0.432 0.399 1.000

Pe$8-7327-RE | 714
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Table 8 (Cont‘'d.)
. bv.f A - B Vi ‘ tn
T ISAR ATV R T At - —AHd) = —  [B(R) = —
P, | A Py, YA av.

e.50 1  0.1090 0.465 | o.416 | o.487
0.55 | o©0.132 |  o.501 0.435 | 0.560 1,116
0.60 0.160 |  o0.54 0.457 | o.642 | 1.180 :
0.65 0,192 0.585 0.482 | 0.73¢ 1.249 %
0.70 0.231 0.635 |  0.511 0.835 1.322 f
0.75 0.283 | ~ 0.697 0.546 | 0.958 1.406 |
0.80 0.360 0.779 n.592 1.115 1.507
0.825 0.422 |- 0.838 0.636 | 1.225 | 1.575
0.85 0.605 1.000 0.747 1.485 | 1.715
0.825 | 0.855 1181 | - o0.908 | 1.735 | 1.815
0,80 0.980 1.254 0.987 1.835 1.845
0.79 1,000 1,266 1,000 | 1.850 | 1.850

In usi Table 8, the initial F: " is - here
using Table 8, the initial quantity is n pav./pm’ vhere p_
is defined by the following formula:

1l o) 2
q (1 +—2-E)VA

czes g
where (1 #(1/2)w/q) is a coefficient which takes into account the work

p -

av. ’-

requﬁred to move the projectile. >
Table 8 presents the following functions of «: - e
J'4 v t p . t
ZO) =28 §Gp) =2 @0 ~-E [Iw -4 ; T =2, o
A VA tav P t N
. . RV, av, . 2

where t,, = 242/@& is the time of motion of the projectile through

3 . N ¢
f , F-T8-7327~RE 715 -
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o o otﬁe bare with ihzy nverage velocity VA + 0/2 = ‘!'4/2‘
,, _ Ohce the numerical value of: o ’ ’
[T s
3 R -,: . R 25851 Py k
tor & given guu is known, it is fo.md in the first columu, and the
- ) v \
ot vaiues for all the re/mainiug fanctions are written out as indicated
Ao B 1n tho saue line, g
With 1&9 Pav,' ‘fa; and t av. known; these nunmbers are uged to
find the quantities Lor Vo T . By 2nd ty» 1.e., the elements of

the ghot- for the m,stané of pm and v,

. In order to use the tables; it is necessary first to know p
anq{ n as well as q, 8, 14o .and‘w/q, vhich also constitutes a2 dis:—
advantage 0f these tables.

Table @ presents data for finding intermediate values for the

\"‘ pressixre, veiog‘:ity, and time as.a fuhc‘tiop of the relative path of

the Tprojecyile A-.(/,Qm |

Table 9 contains numerical valués of the following functions:

B P

1 - e -n~= mx) =P ;a0 =Y andzQ) = &,
'\ g RS pm vm tm

'« N . . *
“l

s e —Which represent curves for .the pressure, velccity, and time of

e zotion of the projectile as functions of the path‘ﬂ/xn.

)

. Por A= 1 (I-,? ot PP ), the valués of the last three func-
a tions equal unity, and this line correcponds to the pressure maximum
on the pressure cuirve. The lineq above this'line give values- for p,
- . v, and t on the ‘abc"ending branch of the g;ressure curve; the lines

<_.,:-_‘ bolov thia line give values tor these quantities on the: desceuding
besnch. 0f the curvo. . .- . -~

P

In tbm cmzmctioa, tba linit of deccent in 'lable 9 ig ther line -

?“?6“7327':{‘12% e e e 716
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for which )\w,{’q ,{;pm.ur N - nn.

[ ]

T8b1§ 9 -

HL) =X

> |
W) = a0 - L

Pp. m

'z = L
ZQ) = =

m i

0.445
0.615
0.723
0.790
0.833
0.848
0.849
0.843

* 0.818

0.786
0.753
0.721
0.691

0-663 -

0.614

—
"0.375
0,624

1,000
T 1.145
1.268
1.372
1.460

1,726
1.824
1.909

©
.

[
W
(>3]

1.981
2.046
2.158

" 0.828

1.609 -

0.689
0,830
0.924

1.000
1.663
1,119
/1.170
1.218
1.306
1.387
'1.463
1.536

. .—~1.606.
1.672
1.801

Q-
i
4

R

s 4 (ki' B g PR
B AR T

N
¥l

TS v s ot e s AR s 0
. P ,
LTI R
SRR P e,

i 6.572 0.297 2.250 1,923
8 0.536 ~0.263 2.328 2,042 o
9. . 0.504 0.236' 12,395 C2.156 "
? 10 .0.476 0.214 2,453 2.267 o
¥ 11 0.451 10,195 2,564 2.376 -
g 12 0.429 0.179 2,551 2.483 ‘ Eé
o 13 0.409 0.166 2,592 2,568 o
- |14 ~ 0.301 ~ 0.154 ' 2.630 2,692 -
15 0.375 ) 0,144 2.665 2,794 .
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_Table 9 (cq‘nt‘d°
YQ) = ;i Q) = ;i Z(\) = %;

0.135 *|  2.e08 | = 2.895
0.127 2,730 2,994
0.120 | 2,760 2,092
0.114 2.787 3.189
0.108 | 2.812 |  3.286
0,086 | 2.921 3.758

0,071 N . 3,004 4,214
0:060 | 3,070 © 4,659
0.082 | 3.152 | 5.095
0.041 3.220 | . 5,946
0.027 3.373 . 7,995

J © lwo | oo |  o.020 380 | ' e.066 q

By cobying from the tables the values of the relative quahtit;ips 4
",c - l‘{/P.:‘ J/_'Qm\, v/vn, and t/tm: and multiplying them by Py jm’ v&, and tm, i

Col et
.,4.x L™ "‘Qlw’ «-Q:,‘«gut‘f yoi Aol
e .

respectively, we obtain the current values for p, £, v, nd t, with

the aid of which we can plot curves for p(Jf), v({), p(t), ‘and v(t).

\"'g N ' Example of Computation of Pressure and Velocity Curves
” Yhe following conditions are given: e

3 ) Caliber d = 76.2 mm}

- Weight of projectile q = 6.5 kg;

:é " Weight of charge @ = 0,905 kg; T

’Crogé-sectional area of bore s = 0.4693 -drtjzg S

e Egzzlé velocity v, = 5880 dn/sec;
' Haximum pressure P, = '2320 kg/cm®; .

" waton e o B 8 San e e ket S S e ok

; Length of path of projectile.f, = 18,44 dn. ;
o | ‘ S {
7 : ) ¥
22 F~TS-7327-RE 71.8 f
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We compute W = pav./pm = 1345/2320 = 0,58,
polating for % = Pay /pm = 0.58, we find:

From Table 8, inter-

= =5 = o e TR TI o e T o
We find p .. (& = 98.1 dm/sec):
1 w, 1 0.905
e (t+3% V2 6.501 +7 5.5 5880 »
p., = - B - = 134500 kg/dm® = 1345 kg 'cm
av. 2 gsk, 298.1°0.4693°18.44 .

fef

. 2 e
2§
;

p: w

Table 10 7
= - § " 3
N K £La n Ya . " tav.
0.55 0.132 0.435 0.560
0.58 0.149 0.448 0.609 -
D.69 0.160 0.457 | 0.642

Having the values of 8(\‘), é™m), and 68(n), we compute 'Qm’ A

\.

A w2 = 18,44 )

and t_:
n

0,149 = 2,75 dm;

Vp = Vad(%) = 588 ¢ 0.448 = 264 m/sec; ,

( 2f,. 2 * 18,44 .
| tay. o 5880 | 0.00628 sec;
t - - - [ ] \ -
t, tav.e(\q) 0.00628 * 0.609 = 0,00382 sec.

.
[

Having these values, we compute p, v, &
Iy ot

lowing formulas:

P=pyPA); v - v A5t =t 20,

-e

The value ©f A for the muzzle face i

- with the aid of the fol-

— 4 1844
Ke 2.1 '
F-T8-7327-RE 719 !
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oo

Z;; %e ?iﬁdgxroa Table 9:

~ 3

o

o 0. 000 Z0),

. ;Invconfcfmity with this table, we compute the cnrrent values of

T M meviaan 0 T
< : . Table 11
¢ i; AN > =
L 24 P T
v : ’ 2 : 1 ;
’ . ’ ﬁyﬁ d§. p, kg/cm 1 v, m/sec A t; sec.
10,688 . 1600 99 0.00263
. {1,375 2060 164 0.00317
. . { . -
) 12,06 2250 218 0.00353
e }2.75 2320 263 0.00382
5 3.44 12240 301 0.00408

4.12
4.82

.

2070
. 1920

334

361

0.00427

0.00447

4 5.50 1785 384 0.00465
V. E {6.87 1550 423 0.00498
] 8.25 1370 454 0.00530
5 : u. . le.62 1220 480 0.00559
11.00 1100 502 0.00587.
i 12.37 1005 521 0.00613
7 13,75 920 538 0.00638
1 16.50 790 568 0.00687
j 18.44 715 588 0.00722
P L
g; The results of the computation are plotted in figs. 155 and 156 5
. (the conputations were performed with the aid of a slide rule). i
; - i
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Fig. 155 -, Fig. 156 .
p(t) and v(t) Curves. p(l) and v(}) Curves. ;s
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BECTION NIKE - TABUL AR METHODS
. OF. SOLUTION OF PROBLEYS 1IN
i - FNTERNAL, BALLISTICS

CHAPTER 3. - IMPORTANCE OF TABULAR METHODS OF SOLU'I‘ION
) IN lRTILLBRY PRACTICE i .

3

- ¢
) 'O o In,&dopﬁing the analytical method for the soluf/in of the princi-
t ;» pal problem of pyrodynamics, i.e., for the determination of the gas-
’ ,§ e pressure curve in the bére and of the velocity of the projectile as a
« . function of its path, it is necessary to perform a large number of

[ . conpntations, which require a considerable expenditure of time. /Hore~
\ : [ over, the analytical formulas do not make it possible to solve inverse ~
problems connected with the design of the system or with determiring

the thickness ‘of the powder. For this reason, in solving such prob-

lens, it has been necessary to go through a large number of variants
ot the direct problem and then to-choose from among them by inter-

polation the variant suitable for the case under consideration. This

' ’(_ introduced extraordinary complications 1nto-the solution of problems

o

connecteéd with the design of. guns and the selection of powders, making

. ‘4t necessary to resort to tables and{simple.formulhs of empirical . .

- -

O-§@igin which do ﬁot‘take'into account all the circumstances surrounding

the .phenomenon of the shot. For example,. the formulas of Leduc do not

take .cognizance of the weight of the'charge and the thickness of the

powder, just as the thickness of the powder also fails to be reflected
‘-u—I;_Ihe tables of Heidénreich, ‘

' Reither the tables nor the formulas mentioned above make it pos~
! fAieibie to oeternine the position o{ the end of'bufning of the powde;
I and tolfind out whether or not .it burns entirely in the ﬁarrei. While.

| M - "
‘ this may not bo essential for computing the strength of the barrel or

" for designing the gun carriage, it is of decisive 1mportance in choos~

ing thc.thickness of ‘the povwder- to assure attainment of the necessary P

- K
i
7
. , e X =
;
;

- - :
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ballistic data.

For this reason, when, in 1910, Professor N, F. Broidov formulated

-

T
e VTS
PN

his tables for determining the maximum pressure py and theinitial veloc- |

ity Vs involving the coincidental determination of theposition of the 3

end of burning of the powder (J%iIQQ, this simplified considerably the

' solution of the direct problem of iaterrnal bullistics and permitted

the rapid and simple solution of a number of inverse probiems:reiatiig

to the ballistiq.dgsign\of the barrel, such'as détermination of the

length of path of the projectile necessary to assure atéainmeat of :
the required initial (muzzle) vélocity at a given density of loading

and under the conditions of complete combustion of fhe powder in the

bore (ﬁx <$Qa)y determiration of the thickness of powder necessary to
assure the attainment of a predetermined maximum pressure, ééiutibn of
diverse variants involving changes in the weight of the charge and in

the thickness of the powder at the same .maximum pressure to determine

the most ‘advantageous conditions of loading, etc.

The tables formulated by Professor Drozdov played an important

. p;rt in perfecting and accelerating the solution of the problem of
ballistic design and received widespread recognition, Fof convenience
in use, they were later interpolated for smaller variations in the
arguments entering into them, In 1933, they were perfected and ex-
panded by the author himéé&f. They also served as a model for the
compilation in 1933 of the "Tables of the Chair of Internal Ballistics"
for powders with a constant burning area,

A:further development and continuation of the tables of Professor
- N. F. Drozdov is represented by the "ANII Tables," published in 1933,

which mage it possible, under given conditions of loading,‘tq deter~

mine not only pm’~?x’—£;’ and v_, but also all curves for the gas

v
AR
; pressure, the velocity of the projectile, and the time of motion as
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i v$¢° o fﬁﬁé@ione of the path of the projectile. These. tables‘e;ée it pos-~
3? sible s8till® further to 1cce1eraté the solution of u numbe; of prob-
lees connected with the field of ballistic design.
’f;::c‘ : Following the introduction of the tables of Professor Neo F. Droz-
‘f .%: " dov, and then of the ANII Tables, into artillexy practice, *he empiri~
e cal tables of Heidenreich lost all of their importance.
‘{-% ) In 1942, with tho ANEI Tables as a model, 4here were compiled
under the editorship<of V. E. Slukhotsky and 3, 1. nrmolaev detailed
"GAU Tables," which were publ*shed in three parts, with the subsequent
addition of a special Part 4 for the ballistic computation of guns;
They are more convenien%a?nd do not contain the errors present
in the ANII Tables, | .
Part 4 of the tables. (TﬁC) is especizily convenient for baliistic

- compytations,

" .

In the~present chapter, we shall discuss tables which reptesent

(._ numerical values of the principal elements P, v,,ﬂ, and t, obtained

on the bisis of formulas ifor the analytical solution of the direct
* » problem for a large numbe vof variants of loading conditions, =Such

' tables make it possible, almost elthout-compufations, to find all

"eléments of a shot, such ag the gas pressure and the velocity of the

projectile :as functions of \the path of the projectile and as functions

T

‘ of time, there being determined among others the elements for maximum
presaure, for the end of buining of the powder, and for the muzzle face.
Soae such (abbreviated) tablee glve directly only certain 1ndivid-

ual eleﬁenta of the shot, incdluding the maximum pressure, its position, ;

° « and the positioir of the end o burniag of the powder, makingﬂit neces-

pary to cenduet¢additieha1 relatively simple computations for the cal-

B Sunteb s adsatsy © i R

P AR

_.~.culation of-the muzzle velocity,
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Contrary to the practice adopted by some authors, tabular methods
cannot be interpreted to include those analytical methods for the

solution of the direct problém comprising tables of various functions

of internal ballistics, such as, for ex1mple, the D and ¢ functions of
B
Professor Oppokov, the S B/Bldﬁ function of Sviridov, etc,, which

play an auxiliaxy part in the solution of the direct prqblem and in

.
R e o
7

the computation of the elements of the shot.

PROCEDURE FOR FORMULATION OF TABLBS(*)

In formulating tables on the basis of analytical methods, theré. i
is conducted a large number of computations leéding to the solution of |
the direct problem of internal bail;étics”for various conditions of
loading, which are chosen within definite limits&_ :

To render the tables addptab}e to guns of auy\desireﬂ ¢aliber, '
the initial gquations are reduced to such.a form that they contain
relative quantities wherever pbssible. For erample, instead of
weights of chargesw, which vary within very wide limits, use is qadé
of densitiés of loading A, which vary but little for definite types
of guns; instead of absolute paths of the projectile, there are déter-
mined the relative quantities A -f/jo, where ‘QO - Wo/s is the ad-
Justed length of the chamber. The quantity.lﬁnl??b{mgy be considered
eithér'as the relative path of the projectile or as the number of -
volumes of éxpansion of the gases, A = sf/sfb - W/Wo, which, in our
artillery sysrems, varies only within dircumscribed limits,

Instead of the absolute pressures p; there are sometimes deter-
mined the ratios of the pressure to the propella;t—}orce of the pow-

der, p/f or p/pl, where p, = £4/1 ~ ad,

Horebver; the constants which characterize thewconéiiigﬁgigy

i ERTE A PTRT &8

ey

P

(*)Ct, Professor D. A. Ventsel, "VNUTREXNYAYA BALLISTIKA" (Internal
3 Ballistics) /710 7

e,

¥ 2.3 .0 - -
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ro}'f'aingo are grouped together in the form of dimensionless parame'ters

iadependent of the caliber of thé gun. SucH purameters include, for v
’ - ~ . . .
. example’ B -
LR | 21,
Y _ B =

= . ) . fedtfm» o .

s 2

t

£ ;‘( / L - _(in_the method of Profeasor Droquy) : -

-or
‘ oo A C -9 «.B€
oy H .
(in the sa;ne method: a,t_ 2= 1)
' ' To make 1t possible to construct the tables, it is necessary to
f“' esfﬁﬁl’ish the number of variables and parameters entering into the
° system of equations of internal ballistics. For this purpose, we

~;', shall consider the princ:lpal formulas for the elements of the shot

(p, v, £, and ),

P e T i
.

For the first period, in. the case of a powder of degressive
form, we have- »
-xAw X o1;-
h- ’ o -’ - ) B - - : 6 2, 20
SRR g=9, +X8 x 4+ Ax";
A  " Lo Xég = ky = X'+ 92dz;

LT WA 4 Co » ; 2 ’ . . .
el N . 2. = ._.?:Q______ .’:;g;_g : ) e

e
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) B8 X )
Ve v _ A x = = \/ngx
= fiﬁ 2 - \/;,r ’ - ¢
or. ) A " - st
v\/4d & \/f—@_x; /
/
. ‘ £
A=F
Xy’ |
‘ “«lodoAla - Lyps /
A,, v 1 « 2 .A(a ?),%_ ,
P - 3:".2932
P = 1A — ;
prA
B .
A Ny, Cx " =D .
where’ B .
B qugaXA, ,
1 .2- p

Ed ’ ’, . 2 M
t 7 - [ -
. B, ent_er.ing into the quantities y Bi}l’o/kl and P Big/kl » in accord

ance with which the function log Z;l is determined. ‘
. The chambef volume W and the cross-sectional area o6f the chamber .
s enter only into the expression A= r@'/;QO by way of the q.uantity ,90 -
- wo/s. . 'i‘he weight - of the charge and the wéight of the projectile
enter in the form of the ratio w/q into the formula for the velocity
v; the coefficient ¢ = a + b w/q erends upon -the same ratio. |
T Consideration of the quantities p, v@, and A= J/,Qo shows
them to represent functiohs of the aréumentx and of the following

eight 'pérameters:

) f, a, andg , which characterize the nature of the powder; .

Q= cp/cv - 1, which characterizes the .composition of the gaées

. - i
and the corditions of their expansion in the bore of the gun;
E p &) which-‘characteriz'es the form of the pdwdér; )
B} . . : . . 2
3 ’ ) /‘ ,_;:A':/-J
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] . p;,h.which' characterizes t‘he a::rangement o\f the belt of the pro~
jectile aﬁd of the grooves in the bere, -
‘ B andA, which ch'tracter:lze the c»rxditions of loading.

“The -:;zlues of the same variables P, v \/(p q/w, and Aat the pres-

. sure ngximum and at the end.of bu;ninz, of the powder depend upon the
« 7y . . ) .

same:e:igi;t parameters. e -

' in the sec,ongi"périod, p and v \/qu"/_:: are defined by the follow-
An ei"ressions; - r L : +_e'»'

;g " p 1 : ) « . -Aﬁ + l - QA
"" - , p g?x X »

$1-ad

where the argument 18 A_, the remai ning constan*s and the pdvameters
B and A are t{he same as in the first period.
_ The large number of rconstants and uparameters x;\ake.s it necessary,
':in mrmulatiug the tables, to assume that some of the constants, which
vary vithin definite limits;—suchas f;*a,s 2 X Py? etc., are constant
average values, which narrows down the field of applicability of the
tables. SOQe‘ autho'rs choase the alternative of introducing more com-
plex variables and parameters, which makes it possible to reduce the
number of entries in the tables, but also complicates the use of the
latter.
It s, 0, 8,2,0, and Py 8re assumed to be con.stant, the quanti-

tieax p, A, and v \/‘i’ q/w will be functions of oply the two parameters

, F-TS-7327-RE | 728
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A and B, and it becomes possible to ermulate.tubles with only the two
-entries A and B. L

Let us designate the quantity v \/qq/{,, as v

mining v

tab, . After .deter-

tub from the tables, the actual yelscity 6f the projectile

v'is found byr multiplying Viab by the factor n = \/w/cpq, which is.

known for the ‘;;redetermined loading conditions;

v &

= Viap, ™ i

z

v where ¢= a + b w/q.

The time pf motion is'eg;pressed by the 'following integral:

11, iq this integral, ,Q is expressed in terms of A and v in terms

of vtab s we obtain for the time of motion the following expression:

{ I. . .‘ . T . -
" . ‘ t.,ﬁ»i. ?;?_S dA ’

v
\ 0 tabo * .

in-which the integral dA/vta'b is likewise a function of the same

t

give .the following quantity:

) 106 .
1:1:ab 1, \/ -t
. o ?q

It should be pointed cut that Viap, 18 given in the tables in

A, B, andA. The table

a m/aec"l, ‘\vhile}o in the fpranla for the time is expressed in dm.

i } The transition from tabular values for conditional time, t ’
gz o [ ° J_f::?.
3 ’ to actudl time values is cayried out in accordance with the follow- "
% F-TS~7327-RE - 1729 , 4
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¢ . order that later, by interpolating half-way and then half-way again,

e am o o R NR
B el ¥ f“x L .

A

?4 10-5¢
€I

£y in tab,

‘In ;form’uiating the tables, there are first established the '}1mits,
of v’a.ri'a;n;iﬂ.»c{n~ of the‘ parame‘tex‘S».A and B which may be encountered in
przi’ct;ce, tdgethe'r with the intervals of variation of theée parameters
<thz;t are convénient for interpolation of intermediate values. For
~examp1e, A is taken between the limits oi Q. 20 and 0.80 or 0.10 and

0.90,. and B is taken between 1 and 3 or 0 and 4.

Tbe intervals for A are best chosen to be equal to 0.04, in

there may be obtained variations in the tabular data for the values

of A at intervals of 0,01, The intervals for B may be taken to be

0.4, 1n order that two half-way interpolations may give tabular data

for the values of B at inteivals of 0.1.

Ye thixs obtain two series of values for the principal parameters:

A = 0,203 0.24; 0.28; ... 0.72; 0,76; 0.80,
B-; 1.0; 1.4; 1.8; 2,2; 2;6; 3.0,

’ Theréupon,-vit;h one of the values of A (for examplg 0,20) as a
basis, there. is carried out for all tle values of B writfe;x out above
a complete computation of “the solutiow of the problem of internal '
ballistics, involving. the determination of p, t'ab."A’ and¢y, both
for the maximum-pressure values and for .the end of burning of ‘the

powder, and in some tables also for a series of intermediate pointr

in the first and second periods until a definite value of A is ob-
tained, . ‘ SUN

This is then repeated for all the. chdséﬁ_ values of A,
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Upon completion of the computatioﬁs,'the values of the quantities
which must be entered into the tables (for example Ppe 1;430,.J%fﬂ6)
are plotted on a large scale on cross-sectional paper, and curves show-
ing thé variations of these quantities, for example of p; as a function
of A 2t given values of B, are constructed., Thereupon, for the same

. v&tgeg\gfzs, there are constructed curves showing the varihtion of Py
as a funcgion of B; these two systems of curves make it possible to
carry out interpolations for intermediate values of A and 8, and tyus
to formulate a full table of variations of pm as a function of A at
intervals of 0.01 and as a function of B at intervais of 0.1 or 0.05.A
Analogous curves are also constructed for the other quantities (J%/ﬁo,.
4%/4;, etc.) as well, and interpolations are carried out-in a similar
;anner. . | -

The data obtained after interpolation are ertered into tables,
which make it possible to solve both direct pfoblems on the determina~
- tion of P pK,.Rm,,RK, and v_ and inverse problems connected with

R
the ballistic computation of guns.

R . CHAPTER 2 - TABLES FOR ﬁETER“INING PRINCI?AL ELEMENTS OF SHOT
(Pras Lpps Ly V) :
1. TABLES OF PROFESSOR N, F. DROZDOV
The tables were compiled for strip-type powders possessing ‘the
folloying form characteristics: X = 1,06 and XA = ;0:06.
In the tables, the following characteristics were assumed to
be con§tant. '

Propellant force of powder f = 950,000 kg-dia/kg-

. " Covolume a = 0,98 dn/kg. —
Density of powder § = '1,6 kg/dn". T e
Coefficient ¢ = 1,05, ) ‘ »
Forcing pressufe pb-- 300 kg/cmz. - - N
F-T5-7327-RE I
o Qe e KT
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&diabntic index k = 1 +@ = 1.2 or 8- 0.2,

~e

. . Acceleration due to gravity g =-98.1 dm;secz.‘

° -

PRI VA 1/@1 ~ 0.355 = 1/2, 82. ’
" The initially, developed tables were Z;}ef and consisted of three
jtﬁniesa basic table B and auxiliary tab es A and C, They.éeré_sub-
> - .

‘sequently modifiéd and rendered—nore convenient and universai.

N

The basic data entered into the tables (ef. Tables I, II, III,.
and IV in the Appendix) are the dengity of loadingA and /the parameter

~of the Ioading conditions B: : g - /4
% . ) i szeg M 1 szlzx N~
B o - o
’ ¢ Au%; fopm  fogm

3 rwhe‘upper horizontal
'nt 1ntervals of 0,01; the
ties B from 0.7 to 3. 0 at

The nunbers 18 Table

The numbers in Tabdble

‘pntn of tne projectile at
_length of the chamber,

0 The numbers in Table

path of the projectile in

The numbers in Table

- BGV2 (1 - z )2 7, which enters into the expression for the velocity

B e )

row ct;/ntains- quant}«tiééA from 0.07 to 0,80
left-hand Yertinai colunn contains quantie
intervals of 0.05; |

1 give values for the maximum pressure Ppe
II give the ratio /Ay, where 4, is the
the end of burning and R, is the adausted

o - .

111 give the ratio.f [! , whete_f is the
the instant of attainment of mnximum pressure.

v give values of the quantity log /1 -

of the projectile in the second period,

The muzzle velocity is conputed with the aid of the usual formula:

V. = 281 w 1
A ¢ 0q |

1" n—- (1 zo) }, -#‘(114) ’

\"‘ L]
. _' - Where . s ::
FOEEEN ~. - § ‘:‘
' * H . - % 3 .
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represents the ratio of free volumes of the initial air space in the

instart of the end of burning and in the instunt of emergence of the
projectile, i g . ’ ;

Under given loading conditions, it is ne'cessary" for computing Vo

to find -the value of ’?K/"?u from Table IT and the quantity log /-

- B2 (1 -z )2_;_7 from Table 1V, and then to substitute these into
: formula (114). (
If there are first substituted into formula (114) the assumed

values for the constants 2fg .andfcfe, that formula will be written as

- : -n0.2 - B8 - 22| W .
v 29,790\/1 LA E Be (1 zo)] \/x;. (115) ;

On the basis of the predetermined values for A and B (for example

A= 0,60 and B = 2.0), there is found the maximum ‘pressure (pm = 2,255
. kg/cn2). At the same B = 2, Table Il is used to find the value IK/X
-2, 96, and Table IV is used to find log /1 - Bo/2 (L - ER )2 7 = 71,9097,
Substitution of these values for A /,0 and log [1 - 89/2 1 -z )27 3
into formula (115) makes it possible to compute the muzzle velocity of
the projectile. FUP ‘
Inspection of Table I indicates that, at a given density of - )
loading 4, P decreases and ,ex/jo increases with increasing B, In a
given gun, there may vary in the quantity B "(82 2/u§ (1/fwqm )the fol-
4 lowing principal items: tho thickness of the powder 2e1, the weight of :

P

the charge w, and the mass of the projectile m; f, ¢ and 8 are constant,

D ot st 4t A AT Y A B e e N W N e e

i
and u; does not experience a strong enough variation, #
. ¢
?:
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If the denéi_ty’ of ioading A remains constant in a given gun L
" while B increases, this is due principally to an increase in the

thickness of the powder 2e,. The table shows that, as the thickness

1

.0

" 2e -in¢reases, ithe pressure p decreases, the end of burning moves
1 m ; .

cloger to the muzzle, and incomplete combustion may result from a

<

4 large increase in By .

. -
3 7 . - v &
’ " ’ x
-
1 . . 'q
- o . .
% «

~

j‘l' »
>0
o~ o

}

Analysis of Table I shows that, in a given gun, it is po'ssib;e

to obtain one and lth’e same .pressure p, at different A by varying B
*» " at the same time. Identical pressures p, are arranged in the table
aiong slanting lines from the upper left to the lower right; for

'exanple, the pressure pm = 2,400 kg/cmz is obtainad at the following

-

combinations of 4 and B, J’x/,?o varying at the same time,’

Table 12

*
§

P, = 2400 kg/cn,

1 I A l0.40 | o.50] o0.60] 0.70
| ° B [1.00 |~1:39 | 1.87 | 2.40.
Ry

’ : — [0.85 | 1.43 | 2.54 | 4.55
y [ 2.2

‘”

na increhses as a result of m increase 4in the weight of the

e T T

P projectile.(and \not as a result of a decrease in the chamber volume

,,._jo,”' an increase|in ¢« should reduce B; for this reason, to maintain

s T

—~ tho pame p,, it i

<

necessary to lncreage the thickness of the powder

P-75-7327-RE 734

CCHARLLS & MIWR &CO Inc, |

A i
m - : :
- NS e DRI A b " T A
0 ¥ - ! N A T raaat - - .
' - - C "o NS P - n ~ P .
- - [ e
@ . “ - . .
_ i e v N ’ e - Al ’
L . - - 7 N o




a
- T
» P
PP~

a %
~ e e N s e - T s Ak
s e T gy e - et T S

2
Zel in such a manner as to have its change nét only compeuswte"fog . . Lii
the influence of the inq;ease inw, but also augment B to the values
indicated in Table 12. Since the thickness of the powder increases; :
while pm remains the same, the end of burning moves closer and closer ?
to the nuzzle (fKZRO increases from 0,85 to 4.53). As the charge in-

creases up to a certain limit, the initial velocity of the projectile

\/ will likewise increase; as the charge increases further, the velocity !
‘Qill cease incgeasing because of the incomplete combustion of the po@der;ﬂ
- 1fA 1néreases as a result of a decrease in the volume of tke
chamber while the weight of the charge remains. unchanged (largé base
of project?le), the same P, €an be maintained by changing B ;s is indi=-
'cated in the table, but the thickness of the powder will change less
than in the first case, since, in this connection, it is no£ necessary i
to compensatg,fér‘the 1ncreaée‘in the weight of the chargew.
i I2 A is changed only by chﬁngingﬂfhe weight of the chargeow,
| without any change in the thickness of the powder and in the other

conditions of loading, the parameter B will simultaneously change in

the reverse ratio (Bz:B1 -l :a%). For this reason, under otherwise

1
'ddentical conditions; the pressures corresponding to the change in
the charge will be arranged along lines running from the lower left
toward the‘upper right. . ._ ) o ot T T
For example, if, at B = 2 and & = 0.50, p, = 1750, then, at 4 =
= 0.40, B = 2.4 and p, --11805 at A = 0,60, B = 1.67‘and Py = 2670. A
Comparison\bf the results indicates that, as 4 changes.from 0.40:
to 0.50, i.e., by 25%, the pressure changes by(lvéb - 1180){(1180)‘7 100 =
» 48% (almost twice as much); gnd as A changes from 0,50 to 0.60, 1.e..‘

by 20%, the pressure changes by(2670 - 1750)A1750)°* 100 = 52.5% (more

- g
- - - s

2w 3 . s

1 .
- . .
,’;! g e e s PR
=4 !_.,,,. e e e P ———————- P
vy -
., , - - N
& »

P e

than 2.5 times as much)., .. =~ - : cee e
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i relative increase in the charge is associate; with a larger ahd
c<\"\

1érger 1ncrease in pressure, For this reason, in selecting a charge

-

.

;'-"i;y,Piu pract;ce, its weight mast he iwcreabed very cautiously ¥f the den-

-

-

y sity G2 loading ia,high» , :
¥t {‘; o \\\~ A. Applieatian o! Tables to Solution of Va rious Problems

. '_ with the 2id of ‘the tables, it in possible to solve very rapid y
’ ~ ] nunber of problems possessing great practical importance.
‘ ‘a) Determination of th&ckness of powder to assure attainment of
predeternined aaximua pressure p o 1f %he data for the gun WO, g,
and.l , and for the weighte of the chargexn agd of the projectile q
- ‘are knova, and if Py is predetermined, thea, to ﬁetermine the thick-
Miness of powder to assure attainment of the predetezmined pressure
there i& first computed A = w/wo. this A is used to enter the cor-
responding column in Table f; and thepredetermined pressiure is found
in this column, In acéovdﬁncc with the value of*plg thée quantity B
‘ is found in the samo row of the laft-hand column, and the thickness
. 201 is found with tho aid of the following formula:
) 2wy =
;;1 " v . 20y @ -;— Bfwgm dm,
Using the s;uo value of A and the value ot,B found from Table I,
Table II is uued to find.ﬂxAQO and,ﬂx, and the latter is compared
‘ witnlg to determino whether all of the powder furns (f, <4 ,) or
 docs ot burn g > R,) in the bore. The procedurs a&opted for the

- ————

> aolution may be ropresented by the to*lo%ﬁng schene,

| P-70-7827-0E . . © 8

———— T T

< . . * { s . .
‘l .’ - ’ , . .- - » . » PR * c{wf}{‘qﬁ&‘u:’;dpwa;h& QQA ‘m

M“-‘“‘* rm e ol - oy P *v--—}v/‘*

B R 6 ot i ] W s i\}'k

o R N < ) LT ?
; . - - - "
. . X '
< - - i
<7
- P s - “
- . - T N

! ,,‘, DRSS . ” ‘ . N . ji ,‘ PN %A%’\w/ N A.A__“g C.




following pyrostatic formula:

g = _0.175(N - 6.36)10°8

1 0.04(2209 - t2) + 3h + b

T TR et oy v = T o Yo
‘ Example )
Table I+ Tabie II . Table 1 Table II
/.?‘ }f A = 0,60 oo A-o.‘so
K - K
<f|B = 1,904p = 2365 Boe 1,804, = 2,60
o TN
2“ - 2“1 :‘ . ) 4 ’ R
Zey = —= \[Bfugh |2e. « —=\ /1,90 ¢ 95 * 10° ‘@w1.05 ¢ n
8 8

7 ; )
The gquantity u, may be determined either with the aid of the

/1

7/

or with the aid of the tabulation presented below, which gives.an
approximate dependence upon the thickness of the powder (which is

connécted with the varying volatile content) for pyroxylin powders.,

. Table 13 : .
Ordinary pyroxylin powders Phlegmatized
) ' powders
2¢,, mm 0.1 foe.5| 1,0 2,0 |3.0] 4.0/ Br/0.3| 0.7
. 107dm . kg : : '
u 107 20 80 75 70 5 2 2 :
F1 sec .dm2 6 6 7 0

It is also éossible to use the following approximate empirical

formula, which gives the dependence of u1 upon the total volatile

content: .
ul = 0,0000120 -~ 0.0000010(H%),
& p

- b) Determination of length of path of projectile tp assure :
attainment of required initia) vélocity undesr predetermined loading {2
% b - . 3‘:
;% F-TS~7327-RE - . 737 y_/zﬁf;;- ) .
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,c@nditxons.' Given are the gun caliber d, the bore cross. =ection s’

- (including the graoves), the volume of the chamber WO, the weight
'of the projectile q, the weignt of the cha;gecu, and the required
. ‘ ‘initial velocity of the projectile .é' let the magnitude of the
) naximum pz:essgre'pu likewise bhe predetermined; It is necessary to
# ' find the length of the path of the projectile.f, .

To start with, 4 = c,o/WO is computed; in the éolumn of Table I

correspoﬁdi_n'g-t_o this & , we find \the’ prede.terminec Py» Wwhereupon
.3 >. > we use the latter ‘to detérnine B. At these valuyes for A and B, we
gind £,/4, from Table II, log /1 + BE/2 (1 - z, )2 .7 trom Table IV,

From foraula (115) for the velocity in the second period, we

'ﬁindl

i
t

L . {116)

. 3
, r - .,
» - - e
¥ A
. . B ’ el
. . ) - £ c. .

e . ) . k
L . o ve o
! . o B 1 o l-Av-n\

P . - Ty :
- - R t o ﬂ:’ p .
o . M «
s ,/" o .

A 11 auantities entering infc the right-hand side 6f formula

1

(116) a?e known.

F&ruula (116) makes it possible to determine that path of the

e e g~

pro;eq%i)e along - the -bore whick will assure the attainment of the

predenermined initial velocity under the given pressure Pni the thick-

= i “

neas éf the powder will be determined in accordance with the scheme
» ° of th“ firat problen. T

-

: Apalysis of the tablea of Professor N, F. Drozdov and the above
& N #m -

‘ exenplary pxoblems that can be eolved with their aid show their
tagortance‘for the practice of artillery and their convenience and

ZIcg§b111ty‘£or ballistic design and for the choice of powder, whereas

. : , LT b
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empirical tables express merely the general characier of the vari;tion
of pressﬁre and,velociiy as functions of the path and time without
making it possible to draw any conclusions about the powder. )

A certain disadvantage of the tables resides in the fact that

they were formulated for strip-type pbwdgr possessing the(dgfinixe

. characteristics X = 1,06 and ;E}i'u 0.06, and for a constint -px;opellﬁnt
force of the powder f = 950,000 kg ° dz/kg. Practice has shown, how-
ever, ghat, under conditions of -equal charges, arpowder with seven
perforations gives results in firing that are practicaily identical

; with the results obtained with strip-type powder if the thicknesses

1 of the powders are related as follows: 7

; - 10
2e1 strip-type -7 2%1 with 7 perforations or

. - _1 '
2e1 with 7 perforations 10 291 strip-type

In using the tables of Professor Drozdov for computing the action
’ of a powdél-wrth seven perforations, its wall thickness must be multi-
' plied by 10/7, whereupon the entire problem is solved as in the case

of strip-type powder.

It is true, of course, that the end of burning of this powder

] and the ik/Jh obtained from the tables will not correspond to .the
actual values for a powder with seven perforations having decomposit{on
products of greater th;ekness (p= 0.532 el); but, as has been shown

by firing tests from a gun equipped'Qith léteral crusher gages, the X
. pressure curveg of standard po@ders - gtrip-type and with seven per-
; forationé - €O ngide almost completely.
; If the full thickness ey +p of the grain with seven perforations

- is computed in nelation to an equivalent strip-type powder:

-7
(el with 7 perforations “1U €1 strip-type) ’
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i’ ~where 11 is the new propellant force of the powder. On the other
4" hand, to determine the velocity Ly Va» the value obtained by computation
. f'
1

o (e +7a)vith 7 perforatiox ~ 1,532 e

% with 7 perforations

,: "( /:9‘1,}’ 4 )'< « ;’,;L‘i: ’kf.ﬁz' :;:-:He ) - : ‘ Ko 1’ 07 e ?; ’
e T e lvstrip~type 7 71 strip-type -

B o] e " ~\
Pl ¢ - - -t ’ -

vConseqnéntly; the Iuil thickness ot the powder with seven perforations
- : ';tqgether vitn the thickness of the decomposition products is somewhat

o

greaterﬂ thﬁ? the thickness of the equivalent strip-type powder, and
‘» lfox this reason,ﬁts end ot burning will be found to be somewhat far-
‘her tﬁan in the case of strip-type powder, and the.lxéﬁ determined
fron the fables vill be somewhat smaller than the true value. As con-
cerns tge utjlizatmon of the tables at.a propellant force of the powder
4 % 950 000, to. determine the pressure Pn it is possible, taking from

"-the'tables p at a,given B, to multiply it by the ratio\11/950,000,

pust be multiplied by \\ 5o
‘ $50,000

»

_These values will be approximate, eince the paths,f and;Q will
also cbange simultaneously with Py and Y but, for purposes of taking
Ento account the order of the corrections of the' values of p and v

: they may be employed as a Iirst approximation and in the presence of
'a force mot too difxerent from the normal value of 950,000 kg ¢ dn/kg =

'- 85 t . l/kgo

- ———n . —

At ¢f 1, 05, it 18 possible also to apply a correction to the

PN

<

<

& - vyalue of 7 in accordance with the fellowing formula:
Vo Vg B 2.0 I - T L
s N ¢ LT T
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At a given B, the qv,an_tit'y Py is clearly independent of¢.
2. TABLES OF CHAIR OF. I‘STERNAL BALLISTICS
In 1933, on the initiative of P'rofessor 1. P, Grave, the Chair
of Interr.al Ballistics of the Dzer?hinskii Artillery Academy compi}eu
s \t;xbles for any values of £ and ¢ and for a powder with a eonstant ;
. burning areﬁ, which is closely apprmched by 1ong tubu’ar powder. . ] ‘
Ry \ r ;‘, .
The tables wvere computed on the b..;fsizs of the an l;.,_ gicgl £ormylas ' % .
. N e
of B1anchi, a5 modified by pmfegsor Erave: 7 U
» The following cr nstax)t., wexe assmseé’ 15 the tabléss i ‘ %
(1 = G 98, 5 - 1 6’ x I :‘-'2 2 12{?, 8 0 2, ﬁ /i B ] 9 Q3ws * o ) ’ ‘F;;:
\' 'l‘he basgc qﬁazxtitiee ‘iiged gare *he density of loadinv &5 and. the
' parameter f;f the loading condiiions H o= Zi’aqvm/sgl a 2/B or the recip=
rocal quantiiy C B/IL "It is not 4if1’icu1t to see that, at &= 0. 2,
! c-fim Bo. L )
" Xs: the’ tables, the left»hand colursn contains the quantity C, .
which var?es uniformlsy from 0:.10 ¢ c 0,40 at intervals of 0,01, and.
. " the sge:;at.'cc_lvuma containg the corresponding quantity H = :0.2/(3, whizh
) ’&t:;i'iés Di,‘;‘,b,ﬁgx}ifgmli from 2,0 t6 0.5, "l’h,e‘ loading densitiés in the
¢ upper rorizontal row vary from G.10 ¢{c 0.90 at intervals of 0.01.
‘ On each page of the tables, for six loading densities and for
all values of C from 0.10 to 0.4C, there are written the cocrresponding
values of the ratids pg/f, pli/‘f’ 3&/_,(0, and %K/Xo and of the' two
» + guxiliary quantities D snd B, which enter into the formala for the".
. nuzzle vélbcity of the projectile: P 3¢
| ry ' & . . . ) | -,“ A, \6 B
1 Delegryml-c-99% Bef1esslEL
K ’ 0/ o
I where ) &
B ‘ - - . ‘*Ng
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It is not ﬂifficult'to see that this formula coincides with the

.,: (117)

. 3 . <
N e D . o e+ M'A“-*%’*“.T«V*W%'rm..c}.msﬂ;g

previously derived formula for the velocity in the second period and

~ with ‘the formula presented in the initial table of Proﬁessor Drozdov,

gince; for a powder with a constant burning area, 1 -/C(l - SU )

e T LT e

-1-m/2(1-z),and~ ' ; -

e e o s

-%9 .

A = ‘
("f) S o

/
/

je

o

'rhe quantity ¢ enters into the parameter Hor C,

P I e

Having found for a given set of A and C theé values of Py /L and

epx/f and knowing ‘the propellant force of the powder f, we obtain the
values for Py and Py and having found- f /,9 and J /,P and knowing

'jo - ¥ /s, we find,? and,? o ) - ‘e
We thus find the nodal points of the pressure curve. the maximum

pressure p, and its position in the bore, i.e., the ,path of the pro- '

Jectile _,En, a8 well as the pressure Pk at the instant of complete

VSO

comliustion of the powder and the correspending path of the wpro;j.ectile

RK' "éhereupon, having found B and D from the tables by means of for-

. n,ngl'a' (217), we determine with the aid of a simple eomputation the \ \

_.value of the muzzle velocity v,. ’ B

{

o 12, in thp preseance of the identical uonetants, values {pr Py

e —— " T ¥

18 and v, are conputed fron ‘the tables of Professor Drozdov and from the ‘ ?

-tablee of *he Chair, the tables of the Chair are found to give lower

f
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values for P, ﬁnd'{q »
For example, for f = 950,000, ¢ = 1.05, 4= 0,60, B« 2.0,
¢ = 0.2, and A, /f = 5, we obtain on the busis of the tables of Pro-

fessor Drozdov:

- 2255 kg/cnZ, 1M 5 0.630; X = 2,95
m 5 kg, cm jo . ,,1-5

/’ ~ g
) -2 '

whereas the tables of the Chair, in the presence of the same constants

and loading conditiors, give:

l

; .
it gy 0.2155; p_ = 2045; - 0,6942;

i » 3,156; B = 1,29; D = 0,8142

\V//V 1 - ——BD = 0,500 .
: 2

1 -alA+ A
(HJ)

Since vnp - ZﬁwQenxis identical under identical conditions,

c"i A

it follows that the numbers 0.510 and 0.500 are proportional to the
muzzle velocities computed in accordance with the tables of Professor
Drozdov and of the Chair, respectiﬁély.

Using the tables of Professor Drozdov, p,, was tound to be 10%
(2255/2045 = 1,10) higher, and the\velocity ,2% (510/500 = 1,02)
higher, than using the tables of the Chair,

‘The tormula_ior X

x«i
B(l + 0)

e

shows that, as X increases, Rps ‘Pa’ and consequently also Pn all
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increase, it being shown by the computations that, uxidcr ot,hei'w:ise
idéﬁtical conéitions, the maximym pressure is almost proportional to
'fbc magnitude of the for:n Chnx'acte'ristic X, which, accarﬁxng to Pro-
tessor Drozdov, equals 1,06, while, in the tables of the Chair, X = 1
tor a powder with a constant burning area,

For this renson, 6% of the 10% dii‘ferevce in pressure must have

B 7
"" heen obtahed at the expense of x, as_ concerns the remaining 4% dif-

- 7

. ference, it is explained by- onemodification introduced by Professor

‘I. P. Grave to intbgrate the .differeatial equation connecting the path

@

V -5; - ﬂ and x. This approximate supplementary modification leads to an in-
} -

; - creased value for the path.@'and to a lower pressure as compared with
l .Qand Py obtained by the exact method of Professzor Dr  Jov,
B - But if'a comparison is made of the results of computations of
‘ thc velocity \ under the, identical maximun prcssure pm and nnder the
: (' fdentical loading conditions A ’ WO’ and,(‘ " then the tables of the
hair give values for vg that' aré somewhuf higher than the VR obtained
in accordance vith the tables z% Professor Drozdov; in this connection,
‘ t .c‘quantity .?K - tlhe path of the projcctile at the end ot burning of
. “ the pow’dgrfé- is ss'maller than is obtaineci with the aid of the tables of

B . pr. teasor Drozdov.

5 [

G YER 826, I,

ki o A T Ny s =

e e}
T mywwy’

= &$’@%a&merWwaW&““ o -

w =




~§.‘;-r~»:,%~,a/«‘zp$‘mt—$f-v QR S S g e B e mgre voaa wmald

This is due fo the fact that thg relations employed to account
for the phenomena accompanying the shot, as well as all methods of
solution, are ‘to onc or another degree approximate with respect to
the actual éhenomenon of the shot,

This circumstance demands preiiminary compu}atiqns for the //f
selection of some constants, with the aid of which QQe computed data
are obtained closc to or coincident with the expefidéntalry‘qbserved
vesults of firing tests (pm, Voo and,ﬁm); and each method deménds.xbe
selection of its own coustants, which must give the best agreement
with the results of firing tests,

For example, to obtain the data for P, and Va the geometric law
of burning demands certain constants, while the physical law of burn-
ing demands other constants,

As roncerns the application of thé tables. of the.Chair of Internal
‘Ballistics to the investigation of the influence of various loading T
conditions, as well as to the solution of a series of direct and iﬂ:
verse problems, all the statements made above relating to the use oi-.” —

the tables of Professor Diozdov remains in force for the tables a'

the Chair as well, R
For example, to deter@ine the thickness of the powder to assure -

attainment of a predetermined pressure pmaprovided the propellant

force o the powder f is known, it is neéessaiy first to find pu/f,

whereupon, using the table, the predetermined value of‘pm/f‘is found

at the gdrréspouding Ay €Cor H are taken accordingly in this row,

and finaaly the thickness of the powder 201 is determined‘in‘accord-

ance with the following forﬁulas:

2ug 2u R "
- e @ —L \ /10Ctagn = — \/Efugm T
1 8 8 H ‘
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Once the thickness of the powder with a cons;a %urnxng area

i N :_:

"

(tubular powder) has been Iound, th wall tnicknesa of a grain with

seven perforations can be desermired by'mul*igl?ing °e by tlie coef-

e P

ficient 0.75, the reverse transitien iﬁJleing multiplication by 4/3,
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) CHAPTER 3 - DETAILED TABLES FOR CONSTRUCTION OF
e T PRESSURE AKD VELOCTEY CURVeS

s : : 1. ANIT Tables (1933),

The tables of Professor.N. F‘/yrozdov and of the Chair of Infer-
nil Ballistics make it possible to find the maximum pressure Pps its
location.zm, the»pressuie»px~u£ the end of burniag, and its location

) 22. ‘But in order to determine the inifial (muzzif) velocity of the
projectile, it is necessany to perform additiona} computations, since
this velocity depends upon-the .Jength of the bo{ « The tables also
do ﬁot give intermediate values for p, v, §§d~1, and they do not take
into account the time of motion of the projectile khrough the bore
of the gun, o ) | 7 o

The.AﬁiI Tables (1933) represented a furéhggistep forward and
considerably fgcilitated thé coqﬁuct of the ballistic computation of

,'. guns, 7 '

’ They were formulate& on the basis of the same constants as those.

used by Professor Drozdov, and the computations leading to them were
based on his formulas; they were computed by the method of numerical
integration. For a given density of loading A and a given parameter

B, using a strip-type powder 'with tne characteristics %= 1,06 and

XA= -0,+06, they make it possible to find eurves for the gas .pressure,

the velocity of the projectile, and the time .0f motion as.functions
of the path of the projectile through the bbré1=thgs permitttngtthé

. complete solution of the fundamental ﬁroblé&sAQf.tnte;nal ballistics,

both direct and inverse. o : /

,Aslﬂ-\

The arrangement of the tables is apparent from the_ scheme pre-
= - . /
sented on page 748, They azre formulaied for loading densities rang-

S ing from 0,05 to 0.95; one page is reserved for each A at intervals
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L : Scheme of AKII Tables
3 P o ‘ , b o o )
Voo ) _ Pressures
A=l _ A= 0.61
a4 -

0.7]300{2824] 4516 212 | 195]0.448]6439] 0.448| 6439

'}0.8/300{2591| 4000 . 214 | 197 0. 525]5724| 0. 525| 5724
0:9{300]2379]'3592|. "i 216 | 199 |0.593|5100{ 0,539 5100
. ' I B ° ’ Second:| . . . i A ° e
. ° el o - - p@ri@d: . e o e | .
; - , T ) . L. . FPirst o N ) . ) ' .
'J? b |1 2.,0]300}1317/1782 {Period © j242 1222 )2,94411442/0.628[2315
. v . .. . ' ) ~. ‘e . . . *
it N L] L] . 2 [ ?. Te L. ) L] 4
« U G ., . * . ‘ . = © ‘o . . 9- .
B 1 |3.6[a00|1034|2333 | ; 267 |247 10.12| 390]0.575[1630
. | (S : ¥ ‘ - =* | -
- ! ] )
il | { . ' Velocities '
, 4 : N A \ ] ,

lo.1f 02| 03] ... Hufisla, Ly

2341 427 590 l : Second 2044‘2057 0.448| 791]0.448| 793

D67

0.8[225] 391| 542 Period 203220460, 525 | 813]0.525] 821 '

0%9 2;8 Jé4 ] 504 2019{2035]0,.593 | 834|0.5931 834

_ : ‘: ~~;w~“*zw:Tabuiar Velocities :' : : . : : :

- K3 . T e ) ’ ) B . . . .

2.011682 | 268 %59 ' ) .]186811888|2,944 |1296 |0.628| 596 ’
A DS DA R ngrst H . DO D . ;
’ o 1 o § e Period h . . o . o 1o

{ 3.0-]149 | 235§ 302 |~ S ' 1716 {1741}10,12 }1584 10,575 485

; . q e - L ¥

<

Time

BRI ST g N

S . !
| [ ¢ [N T ] ) » ;
0,1/¢.2 [o.3 | }4 1‘5 A It | A0t 4
59| 92 (110 || _Secopd | 801 ] 95010.448 | 131 |0.448] 131 i

60§ 95 1117 " Perdiog | 923] 07310,526 | 160 16.5256] 150
‘82t 98 120 ']_1’ 9441 003]0,593 { 176[0.503| 166
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0.9°1300]2379} 3592 —1,__ . 1216 | 199 0.593}5100].0, 5391 5100
. . . . 1. Second | . . . . . | I
. é . . Perijod * N s ¢« § .

. . . . First . » . . ° o e
2.0]30011317{1782 |Period 242 1222 12.944]|1442{0.628{2315
3.0|300|1094]1333] | ] 1267 |247 h0.12| 390]0.575|1630

j * - ** .} }
VYelocities X
— ; ) -
AN
B 001 002 0.3 s 0 0 14 15 AK VK An Vm

0.7]234] 427] s590] Second~2644 2057}0.448 | 791{0.448] 793
0.81225| 391] 542 Period|[20322046}0.525 | 813]0.525} 821
0.9218 | 364 504 201912035{0,593 | 8340.593] 834

. . . . Tabular VGIOCi'tiés ' . . . . .
2.0 162 | 268] 259 1868{1888|2.944 (1296 |0.628| 596

. . . . r ) [~ e . . . ™

O . o . First * . . . . . ¢

. . . . pel'iOd " : ° . . 1 . . .
3.6]149 | 235 302 ' 1716 {1741110.12.]1584 {0.575] 485

: * , * %

lar [Times . l . . o

Second ] 901 950/0.448 | 131 (0,448} 131
Period | 923| 973]{0.525 | 150 |0.525]| 150

166

First l-—__—. . . . + .
N Period 3 ’ » . . °
*% 11285 11343|10,12 [1027 |0, 575] 242
1 #*position of P;&ssure Maximum “*d“-”0.03173‘

s*pogition of End of Burning of Powder 2,
F-TS-7327-RE 748
‘wi _ K RIS A

= 0,03009
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/ F In each of the three tables, there are recorded on the right-

3
i
H
g
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RN u:;{, ‘ 4. G.-( -t ~=a=.u.u A 5..——,; ..,.a— S A N A R s e A T T =
. wed - *

-

(0)01 0 01; the- basic ns xmbexs are the p’xrameter B and the rel'itive length
' - S Jof. path oi the projectileA- i/{o, where 't is the corrected length
of tbe chamber (m these tables, as in the tables of Professor Drozdov,
L. ~°vit is cieaignated as 1,)+ The parameter B varies from 0.7 to 3, and

LI ;‘qtt A greater than 0.80 it varies from l 2 to 43 .Avaries from 0 to 15

e " Aat unequal rinte.gvals, vghich at first are smaller (0,1) and subsequent-

At D

l_y in’érease (to iv)'“‘;:x -7
The velocities and times are given in the tables in arbitrary
units, and ia order to obtain the actual velocity of the projectile
the tabular velacity values vtabmstbe multipijed by \/—7‘. To obtain
the actual tine of motion of the projectile, the tabular t must be
wltiplied by ‘LQ </ -+ 107 -6 it 1, is expressed in decimeters:

e - -9 « 1076. - )
£ -t t‘tabio‘o/’ & Vian\/ 2

L I . ¢ ) ! ¢

‘j,: 4 hand stdevt'he exact values of fhe quantities cox‘responding to the

u;z;;;,lmn' pressure and to the end of burning; i.0., Pys Pys Vi V;np ty

“ V\;\l . .
! | and t, are given for A = 1/1, and torAK - ‘Zx/'zo.

i‘he geevybroken line marks those intervals between neighboring
. values of A between which the eind of burning of the powder is located.

To the left and downward from this broken iine are located the

‘o

values of p, v, end t corresponding to the first period of the shot;’ .' -
those cozfresgo;\ding to the é'e'ét;ti(:i“period are located to the xright‘ BN
*{ < and upward Iren'the broken line, : R
Ag B increases, and consequeetly as fhe 'th(ic“k'ness of the powder

at & giyen 4 increases, tbe end of burning shifts closer and ;closex; i

e e

. to the muzzle face, 7
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The exact value of 1K/i - K is contained im “the fourth col-
umn from the right. lfA <’A i/z , this signifies that the
burning of the powder is compltte° if41 :>j\ » it means that the

powder does not burn conpletely in the bere.

The thin vertical lines in tﬁe range ef A « 0,1-0,.7 show that

" the maximun pressure P is located in this region (in the particular

interval marked by the thin vertical line).

At the bottom -of each page, there are piesénted the values of

Yo and 2, corresponding to the instant of initial pressure at the
given A . '

A detailed: description of the use of the tables is presented in

the tables themselves,

Example and procedure for computation. Given a 76-mm 1902 model

gun;

¥o = 1:65¢ dn®; s = 0.4693 du?; U= 18.44; q = 6.5 Kg;

O

@ = 0,900 kg; 2¢, = 1 mm = .04 dn; u, = 0.0000075 dm; kg
A . -dm

Computation of constants,,

A- & . 0:900

. Yo 1.654
——fo BB SeTewweesn oy . Y 84 ‘l M wee W -—L"—v——" - .
w'o 1.654 Qe 543, 0 s 0.4693 3053 dm,
A e Eg@ 18. 44 L 5.20; 1, « o1 . 0,005 667 kB ° sec
A 1, "355 ' K up 0,0000075 . du?
) 212 . 2 9
{ . Bw=-—KX. 0.4693°.667%.98,1 1.6451.65; = 1,03 4 2 0:900 _ ; o
o f“m 95.10%:0,90+1,05+6., 5 ? - 376.5 %
_1,05ew 0.900+1,05 '
T ——tt w 0,368 .o
, \/ 1,076q . \/6.5-1.076 : w )
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of -the path 1 or as. ‘unﬁtzons of the~g§we t. ST - -

All problems wﬁicb were SOIVGd with it of the tagxbs.of ?ro-g
fessor N. F. Dro?dov 4re sol&ed in ezactly the same -panner witﬁ tﬁe .
aid of the ANIE,Tabies. ﬁy uclng those tables, it is possible to- {_V\
determine coneidpr1bly moxe rﬁpidly the muzzle yeloclty ga and the
seagth of the path necessary in planning to ,obtain the .‘gvired nuz-
zl2 velocity. _ 7j7 i';/

To solve thiswiast problem at a given A, thefguaniity Pp -is

ugsed to find B and then the thicknesa of the powder 201. Knowing the

Vb, \/7§/q 1. 05/7 is found, and

the table of velocities iz used at the va.ue of B found to seek the

predetarmxned valuée of Yﬁ

c¢olumn containing the valug of V « By ascending the column,A‘n

J%t ub,
are determined.

and_;henz‘
- Fehematically, th18~proce6ure for the soigtiqn will be represent-

ed as fol lows.:.;

N ' Pressures .8
2u; ) 1
v - 231' e fogm ~——— B 4= —————p,
8 -
-~ - S e e - R .. . - ) ) - P
- 3 Velocities
) A =T w i
A ig AA' ¢
'\ v ,_} ?
B vtab.
Fe18-7327+KE 752
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The ANII1 Tables are likewise subject to the rule for conversion
from the thickness of the strip-type powder, for which they are com-

r ) puted, to the thickness of a grain with seven perforations:

2 = 0,7 * 2e

€] with 7 perforations 1 strip-type

Defects of ANII Tables. In the ANII Tables, the time of pussuge

by the projectile of the first scgment from 0 to A = 0.1 is computed
incorrectly; these values are nearly twice as small as the values com-
puteﬁ in accordance with the more exact formulas proposed by Professor
E. L. Bravin/T11_7, who noticed this error. This error distorts the
first seg-eﬁt of the curves for the pressure, velocity, and path as
functions of time and shifts all curves toward the origin by an amount
equal to thg magnitude of the error.

Professor Bravin proposed a formula to permit computation to a

a great degree of exactness the first element of time during the pas-

sage of the path A = 0.1, provided that there are given curves for
. the pressure and velocity as functions of the path, which is exactly
what is available in the ANII Tables. "
Having an initial pressure Po " 300 kg/cnz, the pressure p', and
the velocity v' (the latter two corresponding to the path A' = 0.1),
it is possible to compute the time interval t' in accordance with the
following formula:

t' - 31 Po+p'
v' 2p0 + p'

By subtracting from t' the quantity E& in the ANI1 Tables cor-
resronding to the same path A' = 0.1, there is found the constant

correction At' = t' - , which must be added to each time value found

]
Y
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in the given row of the ANII Tables. Professor Bravin derived tables

of correctionsAt' to be applicd to the ANII Tubies for various A and

B.

Aside from this error inherent in the computations, the ANII

B B R pvng————— ]

) Tables suffer from poorly performed 1ntérpolatxon and contcin many —_
misprints. For this reason, in vsing them, it is recommenaed either
to construct curves, which will make it possible, by the departure
of points, immediately to detect errors and misfrints, o;~e1se to pay
close atiention to the consistent character of the variation of the
quantity being determined with the aid of the tables (p, vtab.' ttab.).
In spite of these defects, the ANII Tables represent a good aid
in the solution of the most diverse, both direct and inverse, prob-
lems in internal ballistics and in the ballistic design of guns,
Some additional applicatious of tables of the type of the AN1I
Tables are cited in the chapter on the ballistic design of guus.

2, GAU Tables (1942)

‘ There have now becn published the more convenient and exact
GAU Tables of 1942, which are formulated on the same general prin-
ciple as the ANII Tables, but with a different arrangement of the
fundamental parameters apd elements of the shot. Moreover, the
range of variation of the parameter B has been considerably expanded
in the GAU Tables (from zero to 4.0). '

The GAU Tables were formulated under the directiﬁn of Professor

V. E. Slukhotsky and S. I. Ermolaev/ 12 7,

! They consist of four parts, The first part comprises the tnbles. :

of pressures, the second the ‘ables of nominal velocities Viab, =

-y \/qq,b, and the third the tables of nominal times t, , =t 1/10

F-TS-7327-RE 754
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\/cU/kq.. With the aid of these tables,. it is possible to conliuct all ?
ballistic computations of a gun 16 designing an artil]lery system. How- .

ever, for convenience in computation, the three parts mentioned above

are supplemented by a fourth, which comprises special tables for bal-

’ iistic computaticn (TBR).

——

The tables of pressures, velocities, and times are characterized
bi the density of loading, whose values are given from 0.05 to 0,95
kg/dm3 at 0.01 kg/dm3 intervals. |
The basic numbers in the tables of pressures, velocities, and.
iines are the gquantities:
fugm
a_nd the relative path of the projectile:

( A-i-
. . o
The values of A in each table are varied in the range of 0-20 at
varying intervals. 1In each of the three tables, there are also con-
tained exact values for the quantities NAyr Ags pm, Py v, V.., t ,-

TR TK Tm

and t.., vhich correspond to the instant of attainment of maximum

TK
powvder-gas pressure in the barrel and to the instant of the end of
burning of the powder. The pressures are given in kg/cnz. e

The tables of pressures have the following form (cf. scheme). .

In the tables of the first part, there are presented the true
values for the pressures corresponding to the predetermined values of
A, B, andA. By taking in the tablesA—from 0.1 toA, = 4;/1, for
tho' given gun, we shall obtain the corresponding values for the pres- ~—

sure in kg/—cnz and shall be able to plot oy points the p-Aor p-2 curve,
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o since { = IUA. ¥
i JL . , ?
| Pressures (kg/em?), 4 = 0,,.. i
i
| B | '
0.1 |#4.2 |03 |....]...] 4.0
A -
. ' 0.1
0.2
e i
| ' /
1.0
1.5
g .
P
i
E . .
| '
; 19
}
\ ] 20 -
Ay
| pK
Ay
] Pu
) The one or two thin horizontal lines in the tables show that the
. maximum pressure is located in the given interval ofA; the heavy
t .
j "stairway" indicates the boundary between th:. first and second periods.
J The tables of nominal velocities vtab in the second part and of '
nominal times ttab in the third part are arranged in exactly the same
_P-TS-7327-RE 156
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manner as the tables in the first part, except that, in the last line
.and in the third line from the bottom, there are presented, respect-

ively, A and vx in the sccond parteand tn and tx in the third part,.

The actual velocities of the projectile are defined by the fol-

-

. lowing expression: ’

vey \ ,12..
tab. Py

The actual times are defined by the following formula:

- q‘o -6
t = tian, o\/‘c.',g 107,

where io is 4n décineters.

5
¥
H
3
E
E‘:
§
]
b
¥
‘f
]
1
£
i
P
8
1?
'
?

The %ables are formulated on the basis of the following data:

-

¢ Propellant force of powder £ = 950,000 kg « dm/kg
‘ Covolume a « 1,00 dn3/kg

‘ Specific gravity of powder $= 1.6 kg/dm®

] Initial pressure Py = 300 kg/cm?

In addition, the following assumptions vere made in formulating

the tables: 6« 0.2, % = 1,06, xA= -0.06. The velocitiet and times

f motion of the projectile through the bore were computed on the
ondition that ¢ = 1,

The results obtained by the computations should bé summarized in

t o@for- of a "Table of Principal Elements of Shot from Gun" at the
following data:

d|= 107 mm; Wo = 4,600 du’; 5 = 0.9165 dn; - 34.20 du; q = 17.0 kg;

3.0 kg; dy = 2500 kg/cm2; £ = 0.1765; P= 1.05 + é%’ - 1,109;
! q

P-TS-7327-RE 757

CHAKLRS A eYe & L0 G ;

B i S T

“jW"“"" co- T o T e S NI St 4




¥ 4
1, -2 = 5019 dn; A- A = 6.814; 4= 0.65 (rounded off 10 0.01);
- 8 O
N ;n, =0 /991076 « 12,56 * 1076,
n, 7q 0.399; n, 0 % 10 2 1 /
S
Summary of Results Obtained .

N 0] 0.2] 0.4 fb = 0,623} 1.0, 2.0 Ak - 3.19 5.0 f%a- 6,814
ldnm 0 |1.00]2.01 3.13 |5.02 |10.04 ] 16.01 25.10 34.20
p kg/cm2 300}2008 |2415 2500 2361 [1827 1392 850 602
Viab. 0 | 294 472 623 816 |1136 1568 1565 1686
V=DV, 0] 117] 183 249 325 | 453 546 624 673
teab. 0 | 204} 258 299 351 | 452 546 667 779

sec ° 103 | o 2.57|3.24 3.76 |4.41 f.es 6.86 8.38 8.79
CHAPTER 4 - TABLES BASED ON GENERALIZED FORMULAS WITH
REDUCED NUVMBER OF PARAMETERS AND W77 "L . VARTABLES
1. FORMULAS AND TABLES OF PROFESSOR B.N. OKUNEYV.
Toward the end of the thirties, there were published several
- investigations in which groupings of ﬁirameters and relatige,varlables
were introduced for the purpose of reducing the large number of para-
meters and characteristic corstants, as well as for the purpose of
avoiding absolute values for the principal elements of the shot,
Such investigations include those by the Soviet workers Profes-
sor N.”. Drozdov/"16_/, Professor B.N. Okunev/ 13 7, M.S. Gorokhov
and A.1.8viridov/ 14 7, and Professor G.V. Oppokov/ 15 7.
As an example, we shall consider the method of Professor Okunev,
F-TS-7327-RE 758
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in which there introduced the relative v.nrlables | p,.;"pl, vhere ?
o emeo e - P Ve — Tw t T. where 1 = - = .
[ ’1 1 - QA vnp J / ',.S pl l - UA )

- - 1/? : and the generalized parameters R = \/ 5 \/" and A -

. Professor Okunev' qunnuty/\ is the reciprocal of the guantity

6 vhich was introduced by-us in pyrostatics for the computation of
4 "AA - 15
T A S |
1-ad 7 °
Let us divide by 1 - aAthe numerator and denominator of the

formula for pressure:

) - BO L2
§- 5= x
+ A

p-:AA
4

. 1B 1
- Ay=1-£-2 (a x) R
By transferring P, to the lef’, and keeping in mind that
1-4 1 -4
’ g o Dy T _( §

¥ 1-ad"1-ad 1-0A-)‘P-AA- (AA-D'P’

where S

1 - é ‘

. Ay A 1
( ve obtain the tabular poiwsure: i
|
B8 2 a !.

Y-32-x |

' i

- - Tyt ) |

- |

jl
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.where

- P
Piab. ;} *

/

After dividing both sides of the differential equation:

/
‘

dL B x . _ _ A . -
clx+Bl F (o) L 5(“8 1)(‘k1 2xAx)

by 1 - a4, we obtain the following equation:

d(X* + X) B x =
-—-——d.;-.__ + -é—- ((x)(x’,'b X) = - (AA- 1)(k1 - 2xdx).

1

Consideration-of the expressions derived above shows that the
quantity Py and the quantity X are in the first period functions of

the argument x and not of eight parameters, as previously, but of

. only five:

e ' X, ZO,AA, B.

In the second period:

B-l“QA+A 1+0-1+xx l1 +6
Py \1 -ad+A 1 + X )

The values of Ptab. and X at the pressure maximum and at the

end of burning depend upon the same five parameters: It should,
however, be noted that, instead of Pg» the parameters include z .
At a predetermined zo, different p0 will be obtained at differeut
values of x,]&v and B, softhat, in formulating the tables, 1t is

not possible to base them on definite zo, it being instead necessary

3 2

e ,
- to accept z, as one of the variables, whose variation, it is true,

is encompassed within & narrow range. If, furthermore, the form of
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the powder, i{.¢., X, and the ratio of heat capacities 1 + Q@ are pre-
dcternined, the valucs ot Peo ab., and X at the pressure maximum aad at
the end of burning can be summarized in the form of tables with three
ontries:.hn, B, and zo. In this connection, the remaining quantities
) which have not received definite valges are the propellant force of
the powder {, the covolume of the po;der a, and the density of tﬁe
powder £ . Unfortunately, it is impossiblc to vary the propellant
force of the powder within vige limits, since the quantity 1.4@,
. which is connected with it, is predetermined.

This principle was used by érofessor B.N. Okunev in the formula-
tion of his tables/ 13 7. 1In the first table, the values for Piab.’
X, Ve v/vn , and T = t/T are given as tunctions ofJ\ s R = \/f§7§;;
and zo in the supporting points of the pressure curve. In the ex-
pressions for ¥ and T, vnp 1s the limiting velocity, and T = q@q/gs
vap/pl. In the second table, py.p » X, and % are given as functions

of the parameters A,, R, and z_ and of the argumen. . This table

0
-aies it possible to construct curves for the pressures and velocities
a8 functions of paths and times.

. In rospeét to these tables, there remains in force what was said
above. 1In varying f, it is necessary to vary 1 +~b, but this quantity,

"in the tables-of Professor B.N. Okunev, has the definite value 1 + 9 =
- 1.20; for this reason, the tables relate to a definite value of the
propellant force of powder £ corresponding to this value, .

It should also be pointed out that tiie necessity of placing tab-

.-~ ular preunureulin the tables creates greag complications in all those

cases vhen it is necessary to solve problems uader the condition of

maintainiug p, constant, as is usually the case in ballistic design.
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2. METHOD OF PROFESSOR N.F. DROZDOV/ 16 7

In bis work, Professor N.F. Drorzdov chose as the relative vari-

e

able the ratio of the current pressure to the initial pressure: [] =

= p,{'po. Likewise, taking the paramcter of Professor Okunev, JXA-

“ a

% * e 1 - EA Professor Drozdov replaces it by ‘- 1l - l/fAA -1 -
, l] - )

H

- d and introduces two additional parameters:

1
(Po a - 3‘5 Po R 1

R= = — gnd R = -
f {3 1 1 +R fSl

which are functions of {, a, §, and Py-

}
For the normal tabular values of these constants:
R = 0.01121; Rl - 0,01108.
f Transforming his equations for a powder with a constant burning
! . Aarea, Professor Drozdov reduces the relative maximum pressure and the
; pressure at the end of burning, as well as the velocity of the pro-
‘\ ' Jjectile in the first period, to the fcllowing expressions, where:
o Y =BY./ k2, B =B x/k,
o R 17" i
C - BO _ -1B .2,
§ \ Bl 2 xk ; at x 1 rl a M i
By = B—L—' a+nm -—2  a+np;
P o+2 2(1 +0)
1
i B
2
i 3+ By - Py §1
n -m, r Zn
n ) sm ’
0 1 -R-2
¥
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zB1¢B is found from the tables in the Appendix (Ap-

pendix IV; for B/B1 from 6 to 10.

These expressions are convenient for investigating the question
of the influence of variations in powder characteristics and of vari-
ous parameters generally upon the vaiue of the maximum pressure, as
well as for solviag the problem of the transition .rom one set cof
powder characteristics to another.

For the end of burning:

B

2
v+ By, -8 = B
K K B 2. R
) - B
M. - Py T Ty (t+~6x ;K)zxy
K- ;- - .
pO 5. | Rs;
1-r.X -
3

The velocity of the projectile in the first period:

(L (1 -8
1p°so( 5)

1 R rem ’

=

<

H

™
w'w

vhere

- 1/ - 1/5
nl/n 1/1 + R=1/1 + po/fs1 .

In the second period:

- 1 +@
nooPap [fx*1-08N TN ae
A P K\A,+1- o X" ;

Foigs ¢ 307 R 63
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where

K -{: 1 -B8 (1. 2)2 ].
2 0

On the basis of the relations obtained, Professor N.F. Drozdov i
solved a number of problems relating to the influence of the para-

meters entering into the equation for the maximum pressure upon the 1

magnitude of this pressure, utilizing for this purpose a large num-
ber of new tables formulated by him and appended to his above-men- LI |
tioned work. |
Thus, he determined the influence of the following factors upon
the variation of the maximum pressure Py’ variation of the initial
pressure pg, variation of the propellant force of the powder f, the
quantity @, the powder density &, the covolume 0o, and the transition
from a powder with one set of form characteristics to a powder with
i another set of characteristics.
For certain partial leadins conditious, his computations led to

the following results,

a) Influence of Initial Pressure Py upon Value of p,.

o | Bpy Ps | Op,

’ 200 2364

300 2522 f

150 240 ~

- 450 2762

100 158
’

1
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Prom this, it is possibie to derive the relation:

e

Ap, = 1.64p ,

Feres e By D e e -

_i.e.?;thb dif!ﬁ/ynce between maximum pressures is greater than the

dlf!creuce between initial pressures.

(t The ditference increases with diminishing Py
A . / ,
Po |%g | P [2Pa | Xp
. 450 2762 |~ ‘
& . . . 150 240 | 1.60 | ‘
ot ' 300 ) 2522
Y, 100 . 158 | 1.58
- _ , 200 2364
. . ) 92 180 | 1.96
.. 108 - | 2184
. g 54 146 | 2.70
: - , 84 2038
i (.' ‘ b) Influence of Variation of a.
}
« a |Aa ] b. Ap,
0.98 2767
- 0.08 -104
0.90 2663 ’
, As the covolume a. di-inishes by 0.01, the pressure py decreases
b by 13 ‘kg/ca?.
c).!dfluence of Variation of §.
* . ¢
. 1 1
(s § as p‘- 8p, 3 A(E)
1.60 2522 0.625
-0.04 | . +24 40.015
C 1.56 2546 0.640
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As the specific volume of the powder increases by 0.01, the

i Fessure p_ increascs by 16 kg ‘cm®.
Consequently, similar variations in a and 1.5 result in nearly

he same change in the quantity Py
d) Influence of Variation of X .

X 1.00° -1.02. 1.045 1,06
2500

f -
{
g Pn 2377\ 2425 2481
' increases almost proportionally to the gquantity
NS
! A
{ } ~£3 ~ A .
[ p- X .

e) Influeunce of 8.

'
o
-

{f o Pa Apg k=140

t

§ . 0.25 | 3366 1.25

; 121 Apm

; 0.20 3487 1.20 -— > ~1,122

; 114 Pm
| ; 0.16 3601 1.16

; f) 1ufluence of f.

B = const,
f T ¥
/ ; ..ii AL P APn X. const.
i
f 104.5 2724
| “'9- 5 "202 A
' ’ 95 2522 —Pu ~0,8 41
| : - |-15.8 -328 m 1
P 79.2 2194
f }
—
f -
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Cin tllnn P e s COL lne

(1 Ty .
E:. :fﬁ' ——— v
e
- . - N N . r——————,



PV P S G

ATy WY B e T NS T e aTegn e T

U ]
~LK const, . :
f T:nm Af Pn Apm
kg
104.5 2697 A
-9.5 -475 p
95 2522 —Pary7s A
-8.17 -374 Pn f
86.3 2148

Subsequently, thése new tables of Professor N.F. Drozdov were
utilized in certain investigations connected with the consideration
of variations in the initial pressure.

3. FORMULAS AND TABLES OF M.S. GOROKHOV AND L.I. SVIRIDOVZ714_7
. By utilizing the parameters and variables ¥ and p of the method

of N.F. Drozdov, and by introducing a new parameter D, it becomes

1’
possible to transform the formula for the path of the projectile to

the following form:

Q- li‘ +1 = N®,8)/1 - DL(XB,n) 7 +p,

7.3
where . 1
= 2
§ x
1 «% 1-4 ;p -ph1+8) .. 2
R O 5 ' 2 +n 1 18]
A~ 8
2 .2 , , B
K =x2 - axag; B =xd+B 8-l
2 By .

N(T, B, n) = 27%(s,B);

p
2
L(s, B h)-r+S 4B _ FPep 5.8 o
' N(¥,B,n) N(*,B,n) P 7 Dnp“,

0
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For the function log 7-1 (, B), detailed four-place tables re-
lating 1t t0 ¢ and to f have been set up. Fcr the function L (f, ﬁ,
n); tables relating it to {, », and n have been set up; in this con-
nection, the paramuéifs an@ variables vary within the following ranges:

0.00 ¥ 0.13; 0.00 ¢ B 0.70; 3 g né}d.

The velocity of the projectile in the period of burning is
determined with the aid of the usual formula.

The formula for the pressure can be transformed to_the follow-

ing form:

n - p = D;(,, B) ,
f 8-, - D&¢, B)
where

EQ, B) = 3+ 8 - g2,

To determine the maximum pressure, it is necessary to determine

the b- corresponding to it with the aid of the following formula:

r 9

P

V 2
B -1 _=p pe | 8B -1 ) Y+ bm - Fy
m 2 an 1 ( S k(¥,b,n) G (2 + n)N(¥,B,n) &

L0 J

Detailed three-place tables have been set up for bn - 1/2 + n.

With the aid of the tables mentioned above, the fundamental problem
of internal ballistics is solved for any values of the constants a,
s, 1,6, Pg’ and X preslent as definite values in the tables of N.F,
Drozdov and of the GAU Artillery Committee.
The above-mentioned formulas and tables were first published in
the work by M. Gorokhov on "Internal Ballistics" in 1943 /17 7.
Analogous formulas and tables (at the predetermined leue 0= 0.2)

vere obtained by Gorokhov and Sviridov in 1939/714, 17 7.
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Genernlizcd tor-ulns, ncco-panied by the use of tnbles, make it

a ponible to oolve problems in cases invol‘ving deviations from the

: noualiy accepted valucs for the constants (u,s » £, po,a , andx),

as weu as in: the case of a- conbined charge consisting ot any de~

N ( Y oired nnnber of gradcs of powders and in the case of its being nec-
... LI enary to take into account the nfterburning -of decomposition res-
+ . ’ >

1 .2 .iduco trom thie burninz of powders of the progressive form.
| ( e “f !n thio connection, in the course o! the first phase, when all 1
99 &' the povdern burn ninultaneouoly, the tornulas renin the sime as ' {
‘; -'b K i tbote preoented nbove, but in the course oi the second and ‘subsequent :

phuen, tlxe fornnln bocone eonewhat more’ conplex.

SRR cm\mn 3 - mxmn:mans OF THEORY OF sxuxmwm:
SRR " 1. THEORETICAL PRINCIPLES.
3 “ e b, Ballinticauy similar guns are those in which the gas-pressure
(, curvea (p-1) and the pro,jectile-velocity curves (v-1) are geometric-

nlly oinilnr, i.e., can be made to coincide merely by changing the
] ":’i;;\: ) ncnle alone. . o e - _

i ‘ . . Algebuicnlly, the condition ot ninilitude may be expressed by
tho equationn P (p, ) = F, (olp, u 1) for pressyre curves and Ql :
« (v, 7) = f (ﬁlv, 531) for velocity curves, vhere a and 8 are coef-
Hih . ) . " ficients of the change in scals lending to coincidence of t_ng__;_)_-_-_}

¥ P nnd the v~ 7 curves. _ ~

*

e i i

The thcory of oinilitude in internai baliistics was developed
/in' thc Soviet Union by Professor I. P. Grnve[').s 7; the field was R

! "Cg“' further developed’ by Professor B.N.. Okunev[lQ 7, who contributed

S LR S v

‘ ;. goneulized rélations. ' S e

Conclunionl based on..the theory of oinilitude can find npplica- R
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tion in the transition from guns of.one céaiiber to those -of anothg’ax;;

they can also be applied to the ballistic design of new systems, «by
making it possible to utilize data for already existing .guns-on. the

assumption that/éxe conditxons of ‘the shot remaln unchanged regard- g

e ; <«less of the size «f the caliber of the gun, an assumption scarcely ° ?1
’ . Justified by actual facts. - ' : ﬁ
o & " Irvestigation shows that fhe p-T and v-T curves at different -

densities of loading can be 7mila.i° c;hiy if a = i/5, which is not
~'ac’tually' the case. For this’reason, the case of different A is not
; ; c .

considered, and only-the case of 4 = const: is utilized.

el

t

-f}é fundamentsi-Jquations in the theory of similitude are the

. . K
following equations of internal ballistics reduced in terms of rela-
. tive variables for the -formulation of baliistic tables: ' -
— V - . Ba
{ . ,"‘ 2 x ) :
% N ) g -A ‘ ; :
¢ . A')+ A ‘!
?t ) = -’E,‘
e o — e - . " B . R
— A .AR“ Z.% - 1) [
. i
. % ;
CTIN - [TeF x; ¥
\/- vt b. f.gB § :
. 3
. ' {
* 'PO "+ X8 o* +XA x2; , i
1 .1 , , E
ol } Yo ‘-_‘-:—L-,.- ; /
B Fa - I .
L Y{ E ”;--#u-l
E — 0 oy /.’
. R 4
i ' L x(dy +1) X
E« o ] N
c | PTURIRE 10 | o
g:A’ / Lo - ' - CHARLES A MEVER &CO.In&
4 ' WWM; M‘x@a?"’::f“f‘“f"fi‘“"ff‘:’- T .
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ln ordor thlt the p-l and v-l curves 1n two guns be sinilar at

, thc uuA , 1t u necesnry that the nlues of p, v, and /A for one

..and the nne value 0f x be the sake. !'or this condition to be ful-

_ tuled, the fonoung conditionn -ust in turn be sutisfied.
_ ° ‘ ; 1) ﬂu natun ot the. powder (!. 6; 8§ ; ©) must be the same,
o 7 !) The iorn oi' the povder (x, X) nust be the same. -
7., 3) pojf or m:t be the same.
e

4) The parneter of the loading conditions B must be the same.

. -
‘(‘
w

v <

Only under these conditions will Bys (po,t{) A':A,," ’ vtab , V
o ¢ ' Y

, (\/ 90/&) u = \ncale factor) ’ y - Bl’o/k

and p also0 be the n-o, and conlequently the curv-"s for the pressure,

« B x/k , log Z'l,A,

I
g-.d. md for thei velocity, v-A, »ill coincide 1n all points, i.e.,
S p-z m{ v-tun be similar for the eniire first period.

. . rmn._the« iind of burnlng (\y - lll, e shall have the same valves
I tor ,,‘, ,‘,A‘, mz\ . . | i
, - ror thé #econd period! |
R : -~ 5 e 14+0-
T f.;( " - Ay +1 - ad\
=, Lot T . ” o i
"‘1("5 . ‘T__—M».M s - x A+ l - a'A
] < ‘? o .- \ : ! (-} , ’
‘S \/ﬁ"y.,z Sl (At -98NL se L2l —
- AV Ve tab. . @ A+1-al 2 o
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'ratio 0/q and are scale i’actors used to reduce different v-Acurves

F-T5-7327-RE 772

_ Here, the independent variable is A>AK’ ano;‘ since all re‘nnin-‘),m '

ing parameters in the two guns are the same, the p-A and Vgap, A
curves will also coincide, i.e., will be similar, ‘in the ‘s_eﬁ'cgnd:' period’ ¥
as 'é.ll. . ] . . ,M“‘ ’ / g

ln this connection, it is possible to draw the conclusion that, :
as a matteir of fact, all our ballistic tables, bcginning with the i
t-¢‘4J1es of Professor Drozdov and ending \,vitn the most conplete GAU .,

‘tables, are an expression and practical application of the theory/ of
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similitude, Indeed, at a given loading density A and at a given value

of B, the quantity p, and the p-A‘curve, as well as the vtab.-Acurve,
depend-neither upon the caliber of the gun nor upon its .absoliite

dimensions, but only upon the ratio otA, tcA, while 'tab A depends
uponA The factors \/w/'rq take into account the intluence of the

to one and the same common "tab -Acurve.
The parameter of the loading conditions B = szlzg/faqu is dimen- |
sionlkess. ‘For the analysis o_f the influence of various co,nditions

of loading upon dits nag‘nitude, and, through: it, upon the pressure and
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velocity curves, it is more convenient to. write it differently:
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q .
= x4 [ N
From an eqiuality of the parameter B for two guns of different

—

caliber, it follows that, in making the transition from one caliber
to the other, with the weight of the projectile and w/q remaining
unchanged, the ratio Ix/d:cq or IK:'q/o:i2 must also remain constant.

Consequently, it is possible to draw the following conclusion.
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fbr llllxlr ¢uns ct different calibers tiring projectiles or‘the _game

i

=3ﬁteight, nnd with Py = coust,, the pressure 1mpulse lx must be 1nverse-

ly prOpogﬁlogal to the square of the caliber of the gunb.'::,aﬁn

"ﬂ f - *\ 2. SOME THEOREMS OF THEORY OF SIMILITUDE.

:,‘

[i' e “ﬂaﬁglf D‘flnitlons. Geonetrically si-ilar barrels ﬁ/e barrels 5n T~ |

‘ii‘ vﬁlch tho ltak\r dl-ensions of the parts of tle bore are proportional

’2 ;ﬁ%gg. ~to the callbets,pwﬁe eross sections of ‘the bore are proportional to
g thc squarel of ihe calfbers, and the ehauber and bore .volumes are
é‘i L5 proporttonal to the cubes oz the calibers. AN
gj ~°““““"” : fa 81lilar1y charged gins are .guns in which the
.é °°'0 ’f' vcight:101~thc projectilel aind of the chargen are proportional to the
: . cubeliol the calibers, - (
§ . . Thoqren 1. In geometrically similar and similarly charged guns,
% . s °liéilaf»b—i and v~} curves can‘be.obtaineg_only 17 the powder thick-
é :*(f;J nesses or~t?q tapulses I_ are pfopbrtiénai to the calibE;EMB?‘tye
. borol.\' ﬁl ' ) )

¥ ,f‘ ; '?; From the cogd;ggqq of equality of the parameters B' and B" ve
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it is atso true that

- .‘ﬁ‘;

but the condition of similarly charged guns gives us:

S— Oy

c" = ¢! fﬁﬁi"dna' 3; - d's 4

(i)" qt. -1.
d"3 ! qim

Since

" 3
w." -w'(%r) :

it follows that _ ' R

w" ] "'
;'-' = — and %‘; = 1}
Consequently
kK
d" d:' ’

and the theorem 1s proved.

Theorem 2. In similar and similarly charged guns, equal relative
paths A will be associated with equal pressure and projectile veloci-
tiess ‘

The equality of pressures follows from the ballistic.similarity

~of curves at the same A and equal B, -and since; for similarly charged

guns:

w' w '" et
= . ™ Vtap,

?'d' ?nqo'c

.and.v{ab

v' = vy",
JTrneorem 3. In using one and the same gun for firing proJectilés

of difterent vcights vhile -aintaining the charge and the naxinun

- ot

.- F=TS-7327-RE . i 774

L e T N s e

i R -

..pressure constant, the velocities of the projectiles are 1nverse1y
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Proportional to the square root of the ratio of the products of the
pwajc@tilé welghts multiplied by the correspounding coefficicnt ¢, A,
a motter of’fact, under the predetermined conditious, at éivent& and
B ':ar{dA,
X

tab, = Ytap, °F°

from which /

v"

A [ a .
] | "

zq " q

’

In order to maintain pp = const., we obtain from the condition B' = B".

1 "2 "2

‘P'q' ‘. ""q".

2‘ g l" AP LA .
e - —I—i_- ""‘Fu-.q. PoIgve = Igva s

i.e., the impulses lK must be girectly'proportinnal to the séuare root
of the product of the pfojectile weights multiplied by the correspond-
ing coelficients ¢, |

in 11n1t1ng consideration to fhese most important among tﬁe,
theorems bf similitude and refraining from a discussion of the other
nuhgggﬁs theofehs, it is possible mercly to point out that; a8 a rule,
when a traasition 18 made frqg,g gun'of ?ne caliber to one of another,

- & change in the thickness of the powder is accompanied by a certain

"~ change iu its nature, as well as in the initial pressure and in the
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A
heat loss.

This mukes it necessary to coasider the theorems of the theory

of similitude in internal ballistics as being capuble of giving

merely approximate conclusions and relations,
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